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FKEFACE. 


Thi> vulutui'. tlu* third of the three volumes containing the papers and 
discussions contributed to the Institute during the year 1914, comprises 
papers j)resente<l at the Pittsburgh meeting, October, 1914, and the dis- 
cussion thensui. In adfiition, papers and discussions relating to iron and 
steel whieh \ver<* presented at the New York meeting of February, 1914, 
bnt oinittt'd from Vol. XLVIIl for lack of space, are included in this 
volume. 
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Proceedings of the One Hundred and Ninth Meeting, Pittsburgh, Pa., 

October, 1914 

LOCAL COMMITTEES 

Executive Committee. — Samuel A. Taylor, Chairman; C. F. W. Rys, 
Secretary; 0. P. Hood, F. C. Phillips, George S. Rice, Kenneth Seaver, 
J. S. Unger. 

Committee on Arrangements. — H. B. Craver, Chairman; Frederick 
Crabtree, H. B. Mellor. 

Reception Committee. — Dr. W. J. Holland, Chairman; Taylor Allder- 
dice, Dr. John A. Brashear, A. C. Dinkey, W. K. Fields, Joseph Guffey, 
Dr. A. A. Hammerschlag, Ralph Harbison, Dr. S. B. McCormick. 

Finance Committee. — Samuel A. Taylor, Chairman; C. F. W. Rys, 
Kenneth Seaver. 

Entertainment Committee. — W. L. Scaife, Chairman; John W. Boileau, 
W. E. Fohl, E. K. Hiles, W. W. Keefer, W. G. Wilkins. 

TECHNICAL SESSIONS 

Thursday Afternoon, Oct. 8, 1914, — The opening session was called to 
order in the Lecture Hall of the Carnegie Institute at 2:30 p.m., with 
Samuel A. Taylor presiding. An address of welcome was delivered by 
Dr. W. J. Holland, after which the following papers were presented 
by their authors or authors’ representatives: 

The Occurrence, Preparation, and Use of Magnesite, by L. C. Mor- 
ganroth. Discussed by David T. Day, Thomas T. Read and E. Gybbon 
Spilsbury. 

The Iron Industry in Brazil, by E. C. Harder. Discussed by I. C. 
White. 

Investigations of Coal-Dust Explosions, by George S. Rice. Dis- 
cussed by William Griffith. 

The Appraisal of Coal Lands for Taxation, by H. M. Chance. Dis- 
cussed by R. V. Norris, William Griffith, Samuel A. Taylor, R. Dawson 
Hall, H. N. Eavenson. 

Thursday Evening, Oct. 8, 1914. — ^An informal reception was held in 
the Lecture Room of the Carnegie Institute preceded by an illustrated 
lecture at 8:30 p.m. on Ancient Methods of Manufacture of Iron in 
China, by Thomas T. Read. This was followed by moving pictures on 
Safety Methods in Mining and Metallurgy, shown by representatives of 
the U. S. Bureau of Mines. 

Friday Morning, Oct. 9, 1914. — A session was held at 9:30 a.m.. 
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under the auspices of the Iron and Steel Conunittee, Prof. Albert Sauveur 
presiding. The following papers were presented by their authors or 
authors’ representatives: 

The Reserves of Iron Ore for the United States, by John Birkinbinel 
Finishing Temperatures and Properties of Rads, by G. K. Burgess, 
J. J. Crowe, H. S. Rawdon, and R. G. Waltenberg. Discussed by P. H. 
Dudley (in writing), R. Trimble (in writing), William R. Webster (in 
writing), George B. Waterhouse, M. H. Wickhorst, James Aston (in 
writing), E. F. Kenney, A. W. Gibbs, Leonard Waldo (in writing), Albert 
Sauveur, G. K. Burgess. 

The Plant of the Duplex Process for Making Steel, by J. K. Furst. 
Discussed by W. McA. Johnson (in writing), Arthur G. McKee, Henry 

D. Hibbard, and Bradley Stoughton. 

Manganese Steel and the AUotropic Theory, by Albert Sauveur, 
Discussed by H. M. Boylston (in writing), George K. Burgess (in writ- 
ing), Albert Sauveur, 

Friday Morning, Oct. 9, 1914. — A session was held at 9:30 a.m. 
under the auspices of the Committee on Coal and Coke, in the Assembly 
HaU of the University of Pittsburgh, H. H. Stoek and R. V, Norris pre- 
siding. The following papers were presented by their authors or authors’ 
representatives : 

Coal-Dust Explosion Investigations, by J. Tafifanel. 

Coal-Mine Explosions caused by Gas or Dust, by H. N. Eavenson. 
Discussed by George S. Rice, C. M. Young, H. H. Stoek, Howard N. 
Eavenson, R, Dawson Hall, William Griffith, W. H. Grady, R.V. Norris, 

E. B. Wilson, F. Z. Schellenberg, Samuel A. Taylor, Richard Peters, Jr. 
The Pittsburgh Coal Field in Western Pennsylvania, by H. A. Kuhn. 

Read by title only. 

The Book Cliffs Coal Fields, Utah, by R. S. Lewis. Read by title 
only. 

An Aerial Tramway for Mining Cliff Coal, by A. E. Gibson. Dis- 
cussed by Samuel A. Taylor. 

Tin and Coal Deposits of the Fu Chuan District, China, by M. B. 
Yung. Discussed by Thomas T. Read and George S. Rice. 

* The Manufacture of Coke, by J. P. K. Miller, Jr. Discussed by 
I. C. White, Thomas T. Read, William H. Blauvelt, Samuel A. Taylor. 

Friday Morning, Oct. 9, 1914. — ^A session was held in the parlor of 
the Hotel Schenley under the auspices of the Committee on Non-Metallic 
Minerals, Heinrich Ries presiding. The following papers were read by 
their authors or authors’ representatives: 

Salt Making by Solar Evaporation, by W. C. Phalen. Discussed by 
E. Gybbon Spilsbury, Waldemar Lindgren, David T. Day, and Heinrich 
Ries. 


“‘‘Not included in this volume. 
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Asbestos in Southern Quebec, by J. A. Dresser. 

Asbestos Deposits of Georgia, by 0. B. Hopkins. 

These two papers were discussed jointly by B. Gybbon Spilsbury, 
David T. Day, J. A. Dresser, Waldemar Lindgren, H. A. Wheeler, and 
Heinrich Eies. 

Quarrjdng Shale by the Trinnel System, by D. T. Farnham. Dis- 
cussed by David T. Day, Heinrich Ries, and Donald W. Ross. 

The following papers were read by title: 

The Origin, Mining, and Preparation of Phosphate Rock, by E. H. 
Sellar ds. 

Tennessee Phosphate Practice, by J, A. Barr. 

Barytes as a Paint Pigment, by H. A. Gardner and G. B. Heckel. 

Saturday Morning, Oct. 10, 1914. — A. session on Petroleum and Gas 
was held at 9 : 30 a.m., under the auspices of the Committee on Petroleum 
and Gas, Dr. David T. Day presiding. Reports were presented by the 
Chairmen of the Sub-Committees of the Committee on Petroleum and 
Gas, and the following papers were presented by their authors or authors’ 
representatives : 

The Oil Fields of Mexico, by Ezequiel Ordofiez. Discussed by David 
T. Day, William N. Best, Philip W. Henry. 

^he Capillary Concentration of Gas and Oil, by C. W. Washburne. 
Discilc^ed by WiUiam N. Best, Leonard Waldo, Roswell H. Johnson, 
David 1’. Day, H. M. Chance, H. A. Wheeler, G. A. Burrell, F. W. 
Bushong. 

This was followed by a general discussion on Gas and Oil Wells 
through Coal Seams. Discussed by George S. Rice, David T. Day, 
W. E. Fohl, M. B. Layton, R. Dawson Hall, 0. P. Hood, G. A. Burrell, 
P. H. Ramsey. 

The following paper was read by title: 

Refining Petroleum by Liquefied Sulphur Dioxide, by L. Bdeleanu. 

, Saturday Morning, Oct. 10, 1914. — ^A session on Electricity and Mis- 
cefiapeous Mining Topics was held at 9:30 a.m. imder the auspices of 
the Committee on the Use of Electricity in Mines, William Kelly presid- 
ing. The following papers were presented by their authors or authors’ 
representatives: 

A Test of Centrifugal Motor-Driven Mine Pumps, by S. S. Rumsey 
and W. F. Schwedes (read by title only). Discussed by K. A. Pauly, 
William Kelly, George S. Rice, 0. P. Hood, H. H. Stoek, W. A. Thomas, 
R. V. Norris, Edwin Ludlow. 

GasoKne Locomotives in Relation to the Health of Miners, by 0. P. 
Hood. Discussed by R. V. Norris, George S. Rice, Samuel A. Taylor, 
W. G. Whildin, 0. P. Hood. 

Shot-Firing in Coal Mines by Electric Circuit from the Surface, by 
George S. Rice and H, H. Clark. Discussed by Norman V. Breth, 
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George S. Rice, T. H. O’Brien, William Kelly, Samuel A. Taylor, 0. P. 
Hood, H. H. Stoek, H. H. Clark, C. M. Means. 

Saturday Morning, Oct. 10, 1914. — A session on Iron and Steel was 
held under the auspices of the Iron and Steel Committee, Prof. Albert 
Sauveur presiding. 

The following papers were presented by their authors or authors’ 
representatives: 

A New Safety Detonating Fuse, by Harrison Souder. 

Rolled Steel Roll Shells, by James C. H. Ferguson (read by title). 

Surface Decarbonization of Tool Steel, by J. V. Emmons. Discussed 
by Albert Sauveur, Bradley Stoughton, E. Gybbon Spilsbury, H. O. 
Hofman, J. V. Emmons. 

Turbo Blowers for Blast-Furnace Blowing, by Richard H. Rice. 
Discussed by S. G Valentine (in writing), W. McA. Johnson (in writing), 
J. E. Johnson, Jr., L. Iversen, Karl Nibecker, W. Trinks (in writing), 
Otto Banner (m writing), H. S. Braman, S. M. Marshall (in writing), 
Arthur G. McKee, Richard H. Rice. 

The Safety Movement in the Lake Superior Iron Region, by Edwin 
Higgins. Discussed by Howard N. Eavenson. 

SOCIAL FEATURES OF THE MEETING AND VISITS 

Headquarters and Registration . — The Headquarters was at the Hotel 
Schenley, and opportunities for registration were afforded throughout 
the entire meeting in the lobby of the hotel. 

Dinner . — A dinner was held in the main dining room of the Hotel 
Schenley at 7 :30 p.m. on Friday, Oct. 9, 1914, which was attended by a 
large number of members and lady guests. By special :.rrarge’''i^itf*^ 
business suits were worn by the men. / 

Excursions . — On Thursday evening, Oct. 8, 1914, opportunity was 
given for members to visit the Alleghany observatory to view the new 
refractory, which had just been installed in connection with the Thaw 
Memorial Telescope. Some of the members also availed themselves of 
the invitations to visit the Carnegie Technical Schools, the University of 
Pittsburgh, and the Carnegie Museum to view the radium exhibit. 

On the afternoon of Friday, Oct. 9, 1914, the following excursions were 
made by different parties of members and guests, all arrangements 
having been made in advance for personally conducting the visitors to the 
points mentioned: 

The Homestake Steel Works of the Carnegie Steel Co, , 

McKeesport Plant of the National Tube Co. 

Brick Factories of the Harbison-Walker Refractories Co. 

Experimental Mine of the U. S. Bureau of Mines at Bruceton, Pa., 
to witness a coal-dust explosion, and the stopping of same at certain 
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predetermined points in the mine entries by the employment of rock- 
dust barriers. A demonstration was given of the use of the cement gun, 
putting a fire-proof, tight coating over a wooden stopping. The cement 
gun has been used in the experimental mine for coating certain parts of 
the mine entries without the use of wire mesh, the thin coating adhering 
directly to the coal and shale. 

On Saturday afternoon, Oct. 10, 1914, the visitors were conducted 
through the laboratories of the U. S. Bureau of Mines at Pittsburgh, Pa., 
where a demonstration was given of the different researches being con- 
ducted by the Bureau of Mines. 

During the time of the meetings the ladies were given an opportunity 
to inspect the works of H. J. Heinz Co. 
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Data Pertaining to Gas Cleaning at the Duquesne Blast Furnaces 

BY A. N. DIEHL, DUQUESNE, PA. 

(New York Meeting, February, 1914) 
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It is the object of this paper (1) to deal with tlie elements in blast- 
furnace gas from the standpoint of their importance, and the part they 
are to play in future consumption, and (2) to give detailed information 
about the construction and operation of a plant designed among the 
first in this country for washing gas on a large scale. 
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DATA PERTAINING TO GAS CLEANING 


History 

The conservation and use of blast-furnace gas dates back to the earlier 
history of pig-iron manufacture. Before this period all the gas was 
wasted, but the advent of the hot-blast stove and steam blowing engines 
brought a demand for additional fuel, and the natural source of this was 
waste gas at the tunnel heads. The regulation of the intensity of the 
hearth temperature by the preheating of the air has been discussed on 
many occasions, and the value of the waste gas as a substitute for coal 
is a definite problem, so only a passing mention may be made of these 
applications, each being a subject requiring a separate study. The 
principal fuel in these instances is carbon monoxide together with small 
percentages of hydrogen and hydrocarbons. The heated air, entering 
at the tuyeres and encountering a great excess of incandescent carbon, 
combines with sufficient carbon to form the lower carbon oxide and leaves 
the tuyere area in this condition at a temperature of 3,100° to 3,200° F. 
This hot, unsaturated gas containing 38 per cent, monoxide passes upward 
through the stock, giving up its sensible heat, and is partly oxidized to 
COa by the ore until it leaves the top with an average composition of 12 
per cent. COa and 25 per cent. CO. The moisture in the blast will con- 
tribute about 3.5 per cent, of hydrogen by its decomposition, and the 
evaporation of the water in the stock also accounts for about 35 grains of 
moisture per cubic foot of gas. The hydrocarbons come from the volatile 
matter in the coke. The gas issues from the top at a velocity varying 
with the volume of air blown and the size of the tops and outlets, and 
its temperature is usually from 300° to 400° F. ' Its constitution also varies 
with the fuel practice of the furnace. The problem of handling the gas 
would be a comparatively easy one if the gas leaving the furnace did not 
carry along mechanically a considerable quantity of what is known as 
flue dust, as well as a material which afterward sublimes and is extremely 
hard to remove. 


Constitution op Blast-Furnace Gas 

Blast-furnace gas can then be considered as composed of : (1) true gas, 
(2) moisture, and (3) solids (consisting of (a) solids, and (5) volatile 
material which sublimes or is soluble in washing water). 

Table I shows the average analysis of clean gas for engine purposes 
at the Duquesne Works for the year 1912. 

True Gas 

Carton Monoxide and Dioxide . — ^As mentioned in the preceding para- 
graph, the gas relations of CO to CO 2 vary with furnace conditions and 
practice. 
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Table I . — Analysis of Blast-Furnace Gas Delivered to the Gas Engines 

Year 1912 


Percentage by Volume 


Month 

6 

O 

O 2 




N 2 

CO/COa 

B t u. 

Weight 

Specific 

Gravity 

CO 

CHi 

Gross 

Net 

per Cubic 
Foot 
Pounds 

Jan . 

12 3 

0 

25 6 

0 

3 5 

58 6 

2 08 

94.4 

92 7 

0 076636 

1 00493 

Feb 

12 2 

0 

25 8 

0 

3 4 

58 6 

2 11 

94.8 

93 1 

0 076661 

1 00526 

Mar . 

12 1 

0 

26 7 

0 

3 2 

59 0 

2 12 

93 8 

92 2 

0 07676 

1 00652 

Apr 

12 6 

0 

25 3 

0 

3 9 

58 2 

2.01 

94 8 

92 8 

0 07649 

1 00303 

May 

12 4 

0 

25 7 

0 

4 3 

57 5 

2 07 

97.4 

95.2 

0 07614 

0.99844 

June 

12 5 

0 

25.8 ! 

0 

4 6 

67 1 

2 06 

98 7 

96 4 

0 07596 

0 99608 

July 

12 1 

0 

26 0 

0 

4 7 

67 1 i 

2 10 

99 8 

97 5 

0 07566 

0 99208 

Aug 

12 0 

0 

26 3 

0 

4 2 

57 6 

2 20 

99 0 

96 9 

0 07602 

0 99685 

Sept 

12 2 

0 

26 0 

0 

‘ 4 6 

57 3 

2 30 

99.0 

96 8 

0 07592 

0.9955t 

Oct . 

12 1 

0 

26 0 

0 

3 8 

58 1 

2 15 

96 7 

94 8 

0 07635 

1.00118 

Nov 

12 5 

0 

25 6 

0 

3 6 

' 58 3 

2 05 

94 8 

93.0 

0 07666 

1 00525 

Dec 

12 5 

0 

25 4 

0 

3 4 

68 7 

2 03 

93 5 

91 8 

0 07679 

1 00595 

Avg 

12 4 

1 

0 

25 6 

0 

3 9 

68 1 

2 06 

95 8 1 

03 8 

0 07627 

1 00013 


Period over which samples were taken averaged 7 hr. 30 min. (approx). 

Calorific value and weight per cu. ft of gas at 62® F. and 30 in Hg. 

Specific gravity referred to air 

Hydrogen . — The amount of hydrogen varies with the moisture in 
the blast and the moisture which is decomposed from the water in the 
stock if, by a slip, the incandescent coke comes in contact with the wet 
stock. An example of this variation in hydrogen content is given from 
an experience during a slip as follows; 

It was noticed that, following heavy slips on No. 6 furnace, the 
engines back fired badly. These back fires followed in the length of 
time occupied by the gas in passing through the system from the furnace 
to the engines. Several sample tubes were placed in readiness and, on 
a similar slip, gas samples were taken; the results are given on p. 6. 
Water to the extent of 8 per cent, of the ore weight was used at this 
time. These samples were checked three times in the laboratory. The 
engines back fired and prematured very badly during this slip. 

Hydrocarbons . — The amount of hydrocarbons depends on the volatile 
matter in the coke; some are soluble ih the washing water. An analysis 
of the water of condensation ‘from the gas mains shows that, without a 
doubt, other organic matter was carried away in the scrubbing. A 
ferro-cyanide coloration is noticeable on the bottom of the scrubbers, 

gllflinntrVi tu’iII rmf .ahnw if. 
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Analyses of Blast-Furnace Gas taken at the Inlet to No, 9 Scrubber during 

a Slip on No, 6 Furnace 



Percentage 


^Percentage 


by Volume 


by Volume 

I 


II« 


Carbon dioxide. 

12.9 

Carbon dioxide 

. . 16 8 

Oxygen 

0 1 

Carbon monoxide. 

23.8 

Carbon monoxide. 

19.8 

Methane . . 

0.2 

Methane.. . . 

1.6 

Hydrogen . 

9 2 

Hydrogen. 

. 38 8 

Nitrogen.. . . 

.. 50 0 

Nitrogen 

. . 26.8 



B.t.u. (62° F. and 30 in. 

B.t.u. (62° F. and 30 

in. 


Hg), 209.5 Hg), 110.8. 

« Taken immediately after No. I and at the same place. 

Water of Condensation . — ^This water has a strong nauseating smell and 
taste. It is clear and colorless, with the following analysis, after filtering 
off 2.9 parts per 100,000 of ferric oxide, Fe 203 : 

Parts per 100,000 

Total solids . . . 467 

Inorganic sohds . 213 

Organic solids. . 254 

Iron is combined with an organic acid, is oxidized by air and precipi- 
tated. No evidence of cyanides was observed. 

Moisture 

The amount of moisture in the raw gas varies with the water in the 
stock. The use of Mesabi ore has made the addition of water a necessity 
in most cases of hard-driven furnaces in order to prevent dust being 
blown over, and this water, of course, is evaporated and carried by the 
gas. The effect of the water in the gas is shown in the following tables 
and calculations for different conditions and assumes the use of gas free 
from dust. 

Inspection of Table II will disclose the fact that, per pound of dry 
fuel gas consumed, clean gas at 70® F. moisture saturated at 70® F. gives 
an available heat of 79.51 per cent, products of combustion cooled to 
600® F. E.aw gas at 400® F. and 35 grains moisture follows with available 
heat of 77.03 per cent, products of combustion cooled to 600® F. Partly 
washed and cooled gas at 125® F. gives an available heat supply of 74.33 
per cent, products of combustion cooled to 600® F. 

From a calculated thermal standpoint, we conclude, as evidenced 
by the table under inspection, that washed gas cooled to 70® I. gives 
the largest percentage of available heat. This is followed by hot un- 
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washed gas under furnace-top conditions carrying 35 grains moisture. 
The lowest percentage of available heat is shown to exist for washed gas 
cooled to 125® F. Under conditions of this table it may be interesting 
to note that thermal equilibrium, raw unwashed gas against washed gas, 
approximates a temperature midway of 70° and 125° F. 


Solids 

The solids contained in the gas consist of, first, the mechanically 
carried particles, of varying degrees of fineness and, second, a volatile 
substance which is carried as a gas and finally deposited or which may 
pass through the entire system. 

Mechanically Carried Flue Dirt — The table following shows the 
analysis of flue dust, using 90 per cent. Mesabi ores, for the year 1912: 


Analysis of Downcomer Dust for Year 1912 


Month 

SiOa 

Fe 

Mn 

Phos 

H 2 O 

AI 2 O 3 

Bases 

Unfiux 

January.. 

. 7 30 

44 03 

0 74 

0 060 

14 50 

2 34 

1 

90 

7 74 

February. . 

8 26 

40 58 

0 69 

0 070 

14 20 

2 69 

2 

38 

8 57 

March. . 

8 18 

38 48 

0 80 

0 068 

21 30 

2 77 

1 

64 

9 31 

April. . . . 

10 36 

36 29 

0 61 

0 066 

15 60 

2 67 

2 

47 

10 56 

May. . . . 

11 90 

37 71 

0 68 

0 082 

14 30 

2 78 

2 

78 

12 61 

June. 

9,66 

40 88 

0 65 

0 071 

10 10 

2 74 

2 

38 

10 02 

July. 

. 8 89 

38 37 

0 58 

0 102 

10 60 

2 57 

3 

54 

7 92 

August 

8 01 

35 01 

0 68 

0 101 

17 50 

2 46 

2 

73 

7.74 

September. , 

8 66 

40 28 

0 70 

0 118 

12 20 

2 86 

2 

85 

8 67 

October 

9 34 

40 29 

0 56 

0 093 

13 20 

2.58 

2 

25 

9 67 

November. 

6 27 

38 95 

0 52 

0 054 

14.40 

2.17 

1 

51 

6 93 

December 

. 8 77 

40 58 

0 50 

0 071 

14 90 

2 66 

2 

17 

9 26 

Average . . 

8.80 

39 29 

0 64 

0 080 

14 48 

2.61 

2 38 

9 03 


Chemical and Physical Characteristics of Flue Dust, — The gas from the 
furnace should deposit the heavier material of the flue dust in the dust 
catcher and pockets, and only the lighter material should pass to the 
scrubbers. In order to determine if this is true, we took samples of dust 
from the dust catcher and also samples of the sludges from the settling 
basins, to ascertain the qualities — ^both physical and chemical. We first 
endeavored to sieve the material, after drying, but with no success, and 
then washed it through screens, weighing that which remained. The 
screens ran up to 300-mesh, and the tests show that 92 to 95 per cent, of 
the sludge from the basin passed through the 300-mesh screen. This 
material is also the richest in metallic yield, showing 41 per cent. iron. 
It is noticeable that only a low percentage of fine dust, that is through 
a 300-mesh screen, remained in the dust catcher — 18 per cent, in 
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one case and 5 per cent, in another. This may have been carried down 
in contact with larger particles; that is, the fine particles would stick on 
the larger ones, but would be separated by water. I would mention that 
very interesting data would be revealed if ore were wet sieved instead of 
dry sieved: a more uniform and more accurate representation of the actual 
physical condition would then be had. An ore which we sieved dry, ran 
9 per cent, through 100-mesh, and the same sample ran 24 per cent, 
through 100-mesh when wet sieved. 


Wet Sieve Analysis 


Dust direct from No. 6 dust catcher Dust direct from scrubber 


Weight 

Per cent. 

Remaining 

Weight 

Per cent. 

grams 

weight 

on 

grams 

weight 

0 60 

0.79 

20 



2 80 

3.71 

40 

0.17 

0 26 

3.10 

4.10 

60 

0 20 

0 31 

6 55 

8 67 

80 

0 29 ‘ 

0 45 

2.90 

3 84 

^ 100 

0 20 

0 31 

19.60 

25.94 

150 

0 81 

1 25 

18 60 

24 62 

200 

1.63 

2 52 

7.60 

10 06 

300 

1 40 

2.16 

13.80 

18 27 

Through 300 

60 00 

92.74 

Total. . . .76 55 



64.70 



Wet Sieve Analysis 

Dust direct from scrubber 

From No. 2 furnace dust 
catcher 

Weight 

Per cent. 

Remaining 

Weight 

Per cent. 

grams 

weight 

on 

20 

grams 

18 8 

weight 

2.62 

0 05 

0.08 

40 

165.8 

23.13 

0 25 

0 40 

60 

113.9 

15 89 

0,15 

0,24 

80 

175.3 

24.45 

0.15 

0,24 

100 

^ 31 8 

4.43 

0 32 

0.51 

160 

138.2 

19.26 

0,70 

1.12 

200 

34.8 

4.85 

1.45 

2.33 

300 



69.30 

95 08 

Through 300 
Through 200 

38 2 

5.35 


Total.... 62. 37 
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Analysis of Flue Dust Direct from Scrubber Water. Wet Sieving 

On 150 On 200 On 300 Through 300 

10.85 14.02 13 85 15 00 

20.23 26 11 28 89 41 11 

0 72 
7.64 

1 55 
0 15 

53 42 39 91 34 55 15 92 

Analyses of Settling from Settling Basin 


No. 1 Bay No. 5 Bay 


Sihca 

. 13 53 

11 92 

Iron ... 

43 00 

45.75 

Alumina ... 

8.00 

6 09 

Ignition loss . 

11 35 

10 00 


Settling Properties of Flue Dust — Bearing in mind the finely divided 
condition of the dust, as shown in the sieve tests, it will be interesting to 
note the rate of settling of this material. We have a double settling basin. 
The water passes from the collecting sewer beneath the scrubbers and 
flows into one section, filling it with dirt. The dirty water is then di- 
verted to the other section, and the first cleaned by means of a grab bucket, 
the material being loaded into cars. There are six partitions, or baffles, 
and wooden gates which tend to hold back the dirt and aid in settling it. 
Each division of the basin is 161 ft. long and 26 ft. wide, the water flowing 
over a weir at the end. The capacity is 500 tons of wet dirt. Each side 
of the settling basin holds 197,920 gal. of water when clear of dirt. The 
dirty water was allowed to flow through for a day; then, from a platform 
erected over the first compartment, samples were taken at various depths. 
A brass tube, fitted with a rubber stopper and a rod, was used to obtain 
the samples. The closed tube was lowered to the desired depth, the bot- 
tom opened and the water allowed to flow in. The stopper was then 
drawn into place and the sample put in a jar for weighing and measuring. 
The results are shown in Table III, 

Time Settling Tests With Flue Dust and Sludge from Oas-Cleaning 
Plant — The sludge in the settling basin is of the consistency of a thick 
jelly and filters with almost the same rapidity. In this condition it is 
extremely difficult to handle. We allow the basin to drain as much as 
possible, then remove the sludge with a grab bucket, and load into cars. 
These cars must be calked water tight to hold the material. If the 
material would drain easily most of the trouble would be obviated, and 
tests were made to locate the difficulty. A flume was first constructed 
to carry the water from one scrubber and with sufficient fall to create a 


Silica . . 
Iron. 

Manganese . 
Alumina. 
Lime. . 
Magnesia 
Ignition loss 
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Table III . — Amount of Dust at Various Levels and for Different Periods 

of Settling 


Unsettled Solution 

Series A (After settling 18 min.) 

Level 

Feet 

Time 

Volume 

Grains Dust per 
Gal. Water 

Level 

Feet 

Time 

Volume 

Grains Dust per 
Gal Water 

1 

A. M. 

200 c.o. 

37.00 

1 

3 14 

193 c 0 . 

5 78 

2 

2 39 

229 “ 

32 00 

2 

3 17 

201 “ 

4.15 

3 

2 42 

209 “ 

33 00 

3 

3 20 

186 

3 97 

4 

2 46 

246 “ 

37.50 

4 

3 23 

142 “ 

4.10 

5 

2.48 

154 “ 

36 50 

5 

3:26 

172 

4 16 

6 

2*61 

191 “ 

73.60 






Series B (After settling 36 min ) 

1 

Series C (After settling 51 mm ) 

Level 

Feet 

Time 

Volume 

Grains Dust per 
Gal. Water 

Level 

Feet 

Time 

Volume 

Grains Dust per 
Gal. Water 

1 

3 32 

188 c c. 

9.46 

1 

3 47 

206 c c. 

3 77 

2 

3 35 

185 “ 

6 38 

2 

3 60 

181 “ 

3 20 

3 

3 38 

195 

3 62 

3 

3-53 

203 “ 

3 38 

4 

3-41 

233 •* 

2.26 

4 

3 66 

128 “ 

2 80 

5 

3 44 

175 ** 

3 90 

5 

3 59 

171 “ 

3 22 


Senes D (After settling 66 min.) 


Series E (After settling 76 min ) 

Level 

Feet 

Time 

Volume 

Grains Dust per 
Gal. Water 

Level 

Feet 

Time 

Volume 

Grains Dust per 
Gal. Water 

1 

4.02 

212 C.C. 

4.90 

1 

4 17 

221 c.c. 

3.46 

2 

4 05 

197 “ 

3 62 

2 

4 20 

220 “ 

4 22 

3 

4 08 

193 “ 

3 85 

3 

4 23 

202 “ 

4.80 

4 

4.11 

134 “ 

6.84 

4 

4 26 

213 “ 

6.16 

5 

4 14 

160 *• 

3 68 

6 

4 29 

165 “ 

3 32 


fairly rapid flow. Constrictions were built in the flume so as to speed 
up at different points to carry the lighter material forward. By this 
scheme we succeeded in making a rough separation, and obtained a fine 
but granular product from which the water drained easily. The trough 
was widened out somewhat at the end and the speed of flow decreased. 
This gave us the same product we had to deal with in the basins, as a lot 
of fine material was deposited. In order to determine a settling standard 
for comparison, we took some Group-3 ore, a standard Mesabi, and wet 
sieved it through the various 60-80-100-150“200-300 mesh screens. 
The 300-mesh screen was the finest we could get. These different screen- 
ings were put into similar bottles filled with water and shaken up. Fol- 
lowing is the time of settling of the different sizings, fixed by numerous 
observations: 

Screen Time of Settling, Seconds 

60 n 

80 3 

100 4 

150 7i 

200 14 
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The material which passed through 300-mesh required several hours 
to settle clear. This was also divided by time intervals; that is, the 
material was shaken and allowed to settle for 2 min., and the water and 
suspended material poured off. This was repeated until a standard, 
clearing itself in 2 min., was prepared. Thus different time separations 
were made. Of course we could not determine the fineness of this 
material, but could only recognize it as that which settled in a certain 
interval of time. The sludge obeyed the same rules and that which 
came down in less than 5 min. filtered with comparative ease. A scum 
of extremely fine, light material, principally coke dust, extremely gela- 
tinous, forms on top of the basins and afterward sinks. A small quantity 
of this material, if mixed with the coarse dirt which previously filtered 
freely, at once prevents all filtration. It is reasonable to suppose that 
a lot of the dirt could be easily handled if this slime was eliminated. We 
are at present experimenting with various means to make this separation 
and expect to do away with many of the difficulties in handling this 
material and also recover a good product for sintering or charging back. 
An analysis of the material floating on the top is exhibited: 



Dry 

Silica 

22 64 

Iron 

24 40 

Manganese 

0 61 

Phosphorus 

0 068 

Moisture 


Alumina 

7,43 

Lime . . 

1 52 

Magnesia 

0 25 

Ignition loss. 

40 84 


Quantity of Dust Carried by Furnace Gas . — An attempt was made to 
arrive at a correct figure for dirt in the gas entering the scrubbers, and it 
was decided that 500-c.c. samples of water should be taken at intervals 
from the overflow water of the scrubber and collected in a carboy. The 
water was afterward filtered. In this manner and over a period of 19 
days, samples were taken, consisting of 2,000 lb. of water, or 240 gal. 
From our weir readings on the settling-basin overflow, we determined 
the quantity of water for the period, and by means of recording meters 
and Pitot-tube readings we determined the gas volume passing through 
the scrubbers, per gallon of water, and therefore determined the actual 
dirt represented in 6,240 cu. ft. of gas, which was 2.6 grains per cubic 
foot. The sampling was done imder normal operating conditions. The 
results shown in the following table are as nearly accurate as it is possible 
to reach under the conditions at this plant. 
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Computation of Dust Carried by Furnace Gas for Month of Junoj 1913 


Gas cleaned, cu. ft , , .... .... 

Water consumed, gal . 

Average dust content of scrubber water per U. S. gal , grains 

^ ^ ^ 3,853,044,000, 

Gas cleaned per hour, cu ft . . . 

720 

. ,1 152,762,000, , 

Water consumed per hour, — ■ — gal 


720 

Grains dust removed per cu, ft. gas, 


212,169X60 345, 


grams 


3,853,044,000 

152,762,000 

60.345 

5,351,450 

212,169 


5,351,450 

Average dust content of primary gas per cu. ft., grains 

Grains dust per cu. ft. raw gas (2.392 plus 0.20) 

Note , — Gas consumed at standard conditions of 62° and 30 in. Hg. 


2 393 

0 20 
2 592 


Blast-furnace gas at the scrubbers, from the foregoing determinations, 
contains 2.592, say 2.6 grains of dust per cubic foot. This dust consists 
of ore, coke dust, and limestone dust, beside organic acids and compounds 
which seem to condense and are composed principally of silica and 
alumina. The gas may be of a dense white nature, or of a reddish hue, 
due to the predominance of fume in the former case, and ore dust in the 
latter case. The former is the harder to remove, and almost invariably 
if the dirt on the filter capsule in the testing apparatus is light in color, 
the gas is dirtier than if red. Gas after final cleaning still retains some of 
the whitish fume. This material is deposited in the bottom of the stoves, 
in the stacks, and on the boiler settings. In places where the gas has only 
been rough cleaned the color is a pinkish white, without grit and with 
a feeling similar to talcum powder. The stacks at all times show this 
white fume, and a determination was made to see how much of the dust 
left in the gas at the scrubbers passed through the entire system without 
depositing. Below is that determination and an analysis of the material 
that was deposited in the stoves and boilers. It is seen that 27.5 per cent, 
of the dirt shown in the scrubber analysis passes through the entire 
system. 


Wet Sieve Test on Deposit Found in No. 2 Stove^ No. 6 Furnace 


Remaining On 

Weight, Grams 

Percentage 

10 

1.10 

1.77 

20 

0.54 

0.87 

40 

0.54 

0.87 

60 

0.29 

0,46 

80 

0 51 

0.82 

100 

0.62 

1.00 

150 

0.80 

1.29 

200 

0.75 

1 24 

Through 200 

56.85 

91.69 


Total, 62 . 00 




14 


DATA PERTAINING TO GAS CLEANING 


Nature and Quantity of Dust Passing through System and Exhausted 
to Atmosphere. — Material that passed through the washing plant with the 
gas and found in the flue gas of No. 15 boiler, No. 3 boiler house extension 
— clean gas: 


Silica 

22 80 

Iron . . 

.(=Fe208 8.57 per cent.) 6.00 

Manganese . . 

( = Mn304 2.09 per cent.) 1.50 

Alumina 

15.73 

Lime. . . 

. . . 21.42 

Magnesia. . . . 

2.50 

Potassium oxide 

. 20.90 

Ignition loss . . 

6 08 

Deposit Found on 

the Vanes of the Theisen Washers 

Silica.. 

23 84 

Iron 

(=Fe208 9 43 per cent.) 6.50 

Manganese. 

( = Mn304 3 52 per cent.) 2 58 

Alumina. 

12.65 

Lime 

15.52 

Magnesia 

. 1.62 

Potassium oxide . . . 

. 6 96 

Ignition loss . 

23.90 


The dust in the gas at the top of No. 3 fan separator was 0.09171 
grain per cubic foot; the dust in exit gases and boiler (referred to fuel 
gas), 0.0252 grain per cubic foot. The amount passing through the 
system equaled 27.50 per cent. This test was taken when the gas volume 
was low, which accounts for the low dust content. 

The material passing through the final cleaners and deposited on the 
piston heads and at the several outlet ports of the engine, analyzed 
as follows: 


SiOa 

Mn304. 

AI2O3 

CaO 

MgO 

Fe20a. . . 

Alkalies 

Ignition loss 


Per cent. 

. 18.40 
2.40 
15.55 
12 20 
1.68 
. 4.71 
42 89 
2.17 


Description op Plant 

The system of cleaning gas at the Duquesne blast furnaces consists 
at present of scrubbers, fans, and Theisens. This installation was first 
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designed for the purpose of cleaning gas for six 3,600-h.p. gas engines, 
four sets of stoves, and 1,500 boiler horse power. At the time of its 
installation it was the largest in the country and very little reliable data 
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could then be collected on the subject. Nine towers, four fans, and four 
Theisens were erected. After operating a while, numerous changes' 
became necessary. We found that four scrubbers, two fans, and two 
Theisens were sufficient for the demands. The plant is shown 'in the 
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illustrations as at present. Fig. 1 is a general plan and Fig. 2 a view of 
the plant. Fig. 3 shows the course of the gas through the cleaning 
processes. 


Scrubbers 

We first started with scrubbers having a rotating nozzle on the top, 
the water to form a rain and thus come in contact with the gas and clean, 
as well as cool it in this maimer. The gas channeled under these condi- 
tions, the pressure over the scrubber area being constant; but the ascend- 
ing gas column, due to velocity head, deflected the water. This was 
shown clearly by repeated tests, using a pipe with a funnel on one end 
and a standard pail outside, the time of the filling of the bucket being 
taken. After the bucket was full, the pipe was withdrawn 4 in. and the 
filling timed once more. In this way we tested across the scrubber. 
Distinct dry areas were found, irrespective of all possible regulations of 
water and deflecting gas schemes. It was then decided to reverse the 
scheme of having gas the dominating element and put the water in in 
such manner as to change the direction of the gas in its upward course 
and at the same time spray it repeatedly. This was done by injecting 
the water through a valve having a number of openings and a core moving 
therein. This core successively blocks off the openings to the different 
nozzles, and thereby temporarily stops the flow of water, causing an area 
of low pressure directly above the nozzle. When the core has passed, 
the water resumes and sprays through the gas which has flowed to this 
point, driving it to the next nozzle, where the same process is continued. 
The core is revolved electrically, a 5-h.p. motor being ample for four 
valves — i.e,j two scrubbers, or 60,000 ft. of gas. The gas rises through the 
scrubber at the rate of 4 ft. per second and the water at 60 ft. per second 
with a head of 35 lb, main pressure. A second valve is placed in the scrub- 
ber just above the range of the lower one and operates in the same manner. 
Screens are placed above the nozzles to break up the water into fine drops 
so as to bring the gas and water into intimate contact. It is evident 
that the gas will be repeatedly sprayed as it travels in an upward spiral 
course until it has passed the range of the water. Fifteen revolutions 
per minute is found to be about the right speed for the core. Fig. 4 
is a section through the scrubbers. 

The gas is cooled down very effectually, numerous readings showing 
only 5° to 6° above the temperature of the ingoing water. An average 
moisture test shows 0.5 grain above the saturation point at the tempera- 
ture of the outgoing gas. These tests were taken on the outlet pipe of 
the scrubbers and were made with the Brady apparatus and also with the 
Brown apparatus. The' difference in temperature between the gas and 
water can be increased or decreased, depending on the quantity offgas 
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passing through the scrubbers. We have found that between 25,000 and 
30,000 cu. ft. can be passed through our 12-ft. scrubbers, and although the 
average difference in temperature is higher than that above mentioned, 
for the year 1912, yet it is the most convenient working point from a 
financial standpoint, if not so efficient thermally. In other words, the 



moisture content of the gas increases very rapidly above 90° F. and we 
aim to keep under this as much as possible. The moisture, if not con- 
trolled within limits, will lower the stove efficiency to such an extent as 
to make cleaning prohibitive. 
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The water is taken from the service mains and is charged at the regular 
water rate'. This condition is different in plants where waste water is 
used. The Duquesne plant construction is such as to deliver our bosh 
cooling water to mill condensers and water-purification plants. About 
815 gal. of water are used per minute per scrubber. All water flows 
over a weir, so that the quantities are accurately determined, readings 



Fig. 5. — Section thbough Fans, and Method oe Passing Gas theough Seals 

AND Sbpaeatobs. 


being taken four times a day. The electric power is metered, aifd the 
quantity of gas to the engines is determined by Venturi recording instru- 
ments. The stove gas is determined by Pitot-tube readings, hydro 
determinator, and Ellison gauge, all results cheeking closely. 

The water used in gas valves and seals is that which is used to keep the 
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gas from entering the scrubbers not in use and a small stream flows con- 
tinuously to preserve these seals. All water flows to the settling basins 
and is therefore recorded in the weir readings . 



Fans 


The fans, Fig. 5, are of Sturtevant type, electrically driven by 
direct-current and alternating-current motors, and each has a capacity 
of 84,000 cu. ft. of gas per minute. A water seal, Fig, 6, is placed on 
either side to provide means for repairing. The seal after the fan is also 


Fig, 6. — Water Seal Between Collecting Gas Main from Scrubber and the Four Fans. 
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a spiral separator for water which may be picked up in the fan. A 
calked main serves to connect the scrubbers with the fans and is 10 ft. 



6 in. in diameter. .After leaving the fans the gas is carried into an 
8-ft. main, or primary gas main, and distributed. 

Thdsens 

The Theisens, Fig. 7, are four in number, three driven by induced and 
one by direct-current motors. The motors are each 150 h.p. and drive 
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the rotor 375 rev. per minute. Each Theisen has a capacity of 15,000 
cu. ft. of gas per minute. There are seals and separators on the Theisens 
the same as on the fans. 



Settling Basins 


The settling basins are 161 ft. in length, 26 ft. wide, and 11 ft. 6 in, 
total depth. The settling depth is 6 ft. There are two sections and 
these are used alternately. The sewer from the scrubbers into which the 
dirt and water is collected is so situated as to make possible the diversion 


Main Leading prom the Theisens to the Engines 
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Fig. 10. 


Pecetnhepl T 1 ^ ^ 1 
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of the water to either compartment. When the basins are filled with 
dirt the water is drained and the material loaded into cars by a grab 
bucket. Partitions are raised in the basins to aid in the retardation of 
'the dirt. 


Operation of Plant 

The gas from six blast furnaces is allowed to go into a general dirty-gas 
main, 8 ft. 6 in. in diameter, shown in Pig. 8, and from here is distributed 



to various destinations, as follows: No. 1, 2, 3, and '4 boiler houses. 
No. 1 and 2 sets of stoves, and gas-cleaning plant. A pressure of 12 in. 
of water is maintained in this main. The gas to the gas-cleaning plant 
goes through water valves to scrubbers, in parallel, going only through 
one and thence to the 10 ft. 6 in. collecting main, from which it goes 
through the fans to the primary or scrubbed-gas main and is distributed 
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to No. 3 boiler house extension, stoves on No. 3, 4, 5, and 6 furnaces, and 
to the Theisens. 

The pressure in the receiving main is lOf in. and in the primary- 
main 8 in. The Theisens boost the pressure to 12 in. and deliver to the 
engines. These pressures relate to operating without fans, the gas being 
propelled by the pressure of the furnace. We operated for a period of a 



Fig. 12. 


year and a half this way, but are using fans now, due to a desire to lower 
the top pressure, saving gas losses, and lessening the danger in operation 
during tuyere changing, etc., when a high gas-main pressure causes 
trouble. We desire a pressure of 5 to 6 in. at the stove burners, for the 
reason that our distributing mains are too small and we have poor stove 
draft. The friction through the various fan seals, and through the fans 
also, made it necessary to back up the gas. In a new installation many 
of these difficulties would be obviated. Formerly we removed no dirt 
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in the fans, but we have so altered them lately as to reduce the dirt 
content from 0.2 to 0.05 and 0.06 grain per cubic foot. 

The Theisens, as shown in the gas test for 1912, lower the dirt content 
to 0.009 grain per cubic foot. 

Data of our operating conditions for 1912 are shown in Tables IV to 
VII and Figs. 9 to 12. 


Table IV . — Gas Cleaned and Water Consumed, Primary Plant, Year 1912 


Month 

Gas Cleaned 

Water Consumed 

Cu. ft. Gas Cleaned per Gal. 
Water Consumed 

Scrubbers 

Water Gas 
Valves 

Total 

Scrubbers 

Water Gas 
Valves 

Total 

Jan 

4,180,006,000 

128,464,000 

13,392,000 

141,856,000 

32.5 

304.7 

29.5 

Feb 

3,718,765,000 

123,424,000 

16,096,000 

139,520,000 

30.1 

231 0 

26.7 

Mar 

4,044,490,000 

128,161,000 

13,392,000 

141,533,000 

31.6 

302.0 

28.6 

Apr 

3,947,919,000 

123,122,000 

13,140,000 

136,262,000 

32.1 

300.5 

29.0 

May . 

3,906,599,000 

124,947,000 

13,392,000 

138,339,000 

31 3 

291.7 

28.2 

June . . . 

3,747,409,000 

123,941,000 

12,960,000 

136,901,000 

30.2 

289.2 

27.3 

July 

3,736,670,000 

127,090,000 

13,392,000 

140,482,000 

29.4 

279.0 

26.6 

Aug .... 

3,790,763,000 

127,760,000 

13,392,000 

141,152,000 

29.7 

283 0 

26.9 

Sept 

3,885,908,000 

146,491,000 

12,960,000 

159,451,000 

26.6 

299.8 

24.4 

Oot 

4,488,127,000 

156,625,000 

13.492.000 

169,017,000 

28.9 

332.7 

26.6 

Nov 

3,922,370,000 

149,861,000 

12,960,000 

162,621,000 

26.2 

302.7 

24.1 

Dec. . 

4,141,773,000 

151,625,000 

17,856,000 

169,481,000 

27.8 

231.9 

24.4 





Average 

29.7 ^ 

287.4 

26.9 


The water shown as used in water-gas valves is only used as a seal and does no 
washing, so that the figure for scrubbers is the proper one to consider. 
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Temperature 

Atmosphere. 

o 

> 

< 

a5£NlOt>i»OCOOCC 

fflioc^coeooeorH 

L 

1 ^ 

Mm. 

OU30>00000 

iOTHcOTj<Nb-»oas 

^CO<0<O»OtHC0iH 

• 

i 

s 

lOUSOUSO^OO 

r-i<Mb-»-ic»3if3TfiN 

tN,oor^oot-t^»cco 


Temperature Gas after 
Theisens 

Aver. 

Nt-^iH-OOOiCOCO 

Tfiotoooouaob- 

65 3 

Min 

I0i0000»000 

Oiou3ec»oi>.«OTH 

©C0t^l>C0»0-^TH 


Max. 

OOOWIOOOO 

OOldoO’-<'«t<'^TliiO 


Temperature Gas after 
Fans. 

> 

<1 

C<»OOCMrSt>OOi(N 

osiO(Neoi-tQO»di-H 

OlHOOOOt^eOaOtC 

! 69 7 

1 

d 

>oo»o«ooooo 

«DOOaOO»OOOOiH 

• 

j 

Max 

OtOOOOOUSO 

iOiH»005CO«O«5rt< 

t^OOOOOOt^lH«5CO 


Temperature Gas after 
Scrubbers. 

Aver. 

b.CO«Oi-tCO«OOOb. 

C005U3b-COC005W 
t^l>00 001>t^U3U5 

73 3 

Mm. 

0»OOM3»A«000 

oscdfocot^ciicoco 

Ot-00 00«D«>»OTt< 


Max 

OIOUDOO»0>00 

^ Tfi 05 CO ts. !>’ o 

00 00U0O9t^b«t»CD 


Temperature Coohng 
Water. 

Aver 

THr-ieOOWONi-t 

IntHOCO^OOCOh 

59 5 

Mm. 

OlOOiOOOOO 

uo o 05 IN o ei o r- 

U3U3OC0C0l0Tt<C0 


Max 

oo»oooooo 

Hoocoooi^cDr- 


hlonth. 

Apr 

May 

July 

Aug 

Sept 

Oct. 

Nov 

Dec, . 

Average 


52 7 
65 3 
68 2 
68.3 
58 2 
65 2 

40.7 

38.7 

55 9 

44 0 

60 5 

64 6 

57 0 

48 0 

44 0 
30.0 

18 0 


50 5 

71 0 

73 0 

76 0 

67 0 

72 0 

54 0 

62 0 


63 5 
70.3 
76.6 1 
77 9 1 
69.8 

65 6 

50 0 

1 47.7 

65 2 

61 0 

65 0 

75 5 
73.0 

64 0 

57.5 

46.6 

42 0 


67 0 

74 5 

78 0 
82.5 

75 0 

69 0 

52 5 

54 0 


67 6 

73 4 

81.4 1 
83 1 

71.4 

67 2 

65 5 

60 0 

68 7 

65 6 

68 0 

80 5 

78 0 

65 0 

69 5 

50 0 
42.0 

* 

OLOOtOtOOOO 

COt^-rHiOt^'^OOS 

t^t»oboot»r*»ou5 

j 

71 8 
77.1 

84 4 
86.9 
73.8 

69 2 

68 7 

53 5 

71 9 

69 0 

70 5 
83.5 

80 0 

66 5 

60 0 

54 0 

! 47 0 


77 5 

82 0 

88.5 

93.6 
78.5 

76 0 

64 0 

62 0 


57 0 

64 1 

70 3 

72.3 

66 0 

60.4 
43.0 
40^2 

59 2 

55 0 
60.0 

69.0 

67.0 
59.6 

62 0 
39.5 

36 0 


61.5 

68.0 

72 0 

76 0 

70 0 

69 5 

56 0 

45 0 


-tsS^^SJollQ 

Average 



Table VI . — Recapitulation of Operators^ Daily Report , Year 1912 
All Scrubbers, Primary 
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Temperature 

Atmosphere. 

Aver 

OOONcS>CO<OOt'<NCOOO 

>ftOiOOOOO»ON^r(lC<IO»'-0> 

lO 

*o 

Min. 

OOOO»0U3OW5OOOO 

lOiooooeocio’^jiMb-iocs 

iO'^<NeQOOOOb-<r)»OTHOO»-« 

— 

i 

0»ci000»00>00»000 

oot-fcoeocooN^rH-^tfuieow* 
-^»0i0b-00 00 00 00 c0»<-«0«0 

Temperature Gas after 
Theisens. 

Aver 

NeoT-<NiH.-I»-«oO«OWM<eo 

THid<ioeoj>cooot-t*co»o-«i< 

62 8 

Min. 

»«ooowoooo»ooo 

OOU5rf<CEilOu:s»OCC»Or-COrrt 


i 

0000000U30U300 

OOOMOOiOMNli-IO-lNift 

iO<^COCOOOOOOOOOOOt-CDtO 


Temperature Gas after j 
Fans. 1 

> 

< 

COOOCOOXiOtHOO'^O 

c<ioc<it^r^t^r^eoob-THca 

iQiQo;or<.oooooooococoTt< 

0 69 

a 

0000 000*00000^ 

ioeoeoose«»Hi-Ioo>ooooT-H 

^«(flU3lOt>OOOOt>*«DO'<^<'S< 


Max. 

o»o»oooooo»oo»o© 

cooo«o»oeoo«oa>t^<o>-<-<tH 
0»000l>050s 03 00 00t>-fr-c0 

•; 

Temperature Gas after 
Scrubbers. 

> 

t*cor>.'^c<i«oeoo*o«OTj<oi 

lOeOiOCsJ.HWtMt>CCCO»OrH 
I0u30l>000503 00 00l>«0i0 

00 

1> 


*oiQ>ooo*oo*o*o*ooo 

COlO’^eOCOCOOQCOt^NCOCO 
'^*<tH»OCOI>00 00 00 «00‘0'^ 


eS 

0*0*0000000000 

OM)'^*ofoeooeowoocji^ 

t^«00j0000»00>0l>l^0 

Temperature Cooling 

Water 1 

! 

< 

ooeoe>5a5005i-i«Db»e»*Oi-« 

-H5THr^'>5H'^CO*OC<JoO*>OS 

eoeoTj<»o®r»t^l>i>«0'^eo 

65 8 

a 

*0*00*0 000*00000 

ecco*oooooo5or-ONOo 

eoweo^*o«ot^«oo»0'*j<co 


Max 

0*0000*0000000 

0000»-*’-i»0»-<0»Ob-»Ot«- 

-t*<CC'^«01>t>-001>t-«0*0*^ 


Month. 

Jan 

Feb 

Mar 

Apr. ... 

May 

June 

July 

Aug .... . . 

Sept 

Oct. ’ . . . 

Nov ... 

Dec 

Average. 
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-Difference in Temperature Between Cooling Water and Off- 
Coming Gas Scrubbers, Year 1912 


Day Turn 


Night Turn 


Table VII 


Month 


Jan. . . 

Feb - . 

Mar 
Apr. 

May 

June 

July 

Aug 

Sept. . . . 

Oct . 

Nov. . 

Dec . . . 

Average . . . 


All Scrubbers. 


20.9 

18.7 

24.5 

17.5 

16.8 

18.7 
16.2 
13.4 

16.8 
13.4 

17.7 

12.8 


17.3 


Cut-off Type. 


16.3 

15.2 

15.6 
14.1 
8.1 
13 0 
16 6 
12 6 

13 8 


All Scrubbers 


20 3 
18 2 
20 5 
16.6 
15.2 
17 6 

16 3 
14.5 
14 3 

9 3 

17 3 
14.5 

17 0 


Cut-off Type. 


14 8 
13.0 

14 4 

14 6 
6 8 
8 8 

15 7 
13 3 

12 6 


During part of the year 1912 we used some of our original scrubbers 
and part of our remodeled water cut-off type. The difference in tem- 
perature is notable. The cut-off type is included in the first column, 
''All Scrubbers, and tends to lower the average temperature, while the 
second column shows the temperature using the cut-off type alone. 


Daily Observations 

A daily log sheet of all important temperatures, pressures, and general 
performance of the plant is maintained. The daily observations may be 
summarized as follows: 

Temperatures of the gas in mains throughout the plant. 

Temperature of the atmosphere. (Recording.) 

Temperature of cooling water. 

Temperature of the waste water from scrubbers, fans, and Theisens. 

Weir readings on settling-basin and fan-house discharges. 

Pressures of gas in mains. (Recording.) 

Psychrometric readings. (Atmosphere, sling-sychrometer.) 

In addition to the above, notation is made on the log sheet as to general 
operating conditions, such as the number of scrubbers, fans, and Theisens 
in operation; number of stoves and boilers on clean gas; and number of gas 
power and blowing engines operating. At the end of each month, the 
data are compiled and averages struck. Reports are submitted to the 
various department heads interested. 
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Sampling Gas for Analyds 

An average sample of the gas delivered to the gas engines is drawn 
over a period of 7 hr. each day. This is transmitted to the laboratory for 
analysis, which is reported back along with the calculated heat value in 


Fig. 13. -r A pparatus for Taking Gas Samples. 

terms of net B.t.u. per cubic foot at 62^ F. and 30 in. Hg. The apparatus 
used in drawing such sample, which we have found very convenient and 
entirely satisfactory for the purpose, is shown in Fig. 13. 

Conducting and Reporting Tests 

In conducting and reporting the various tests, we have endeavored 
to follow a standard method of procedure and form. A complete scrubber 
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CARNEGIE STEEL COMPANY-DUQUESNE WORKS 

REPORT OF TEST&AT GAS CLEANING PUNT 

Test No. 128 10/4 ,i 9 t 9 

DESCRIPTION OF TEST deterndnation on clean gas delivered to the gas engines. 


MOISTURE AND DUST DETERMINATION— DATA 


Gas Sampled at #1 Theisen Separator. 

Cubic Feet Gas Metered 

313-991 

Temperature " “ “F 

78,0 

" " in Mam “ 

16^6 

" Inlet Water *' 

71.0 

" Outlet " ** 

«. « 

Pressure Gas in Meter (Ins. Water) 

-- 66 -Hg- 

" " “ Mam " " 

10.0 

Barometric Reading (Ina Mercury) 

29.40 


2 Oas Power and 3 Q&b Blowing engines 
operating. 


T emperatura Atmosphere ®F “ 

Weight of Dust as Sampled (Grammes) *179^ 

•' “ Moist" “ “ 

Duration of Test 


RESULTS 

®F and 29*40 


•1 

. •/ .. .. 76.6 ■■ - • 

« “ ,00911 

.. 


“ “ " 62.0 " ’ 

« .. .00936 

„ 

1. </ 

1, „ . 

„ „ m , ^ m , m , 

" 


RESULTS I • ] 

I Grams per Cubic Foot Diy Gas J Moisture ,00966* 

VOLUME OF GAS-DATA 

Reading taken at Velocity Pressure, Pitot Tube, (Ins Water) " 

Temperature of Gas in Mam * Barometric Readmg (ins Mercury) - . 

Pressure of Gas in Mam (fns. Water) - - * Q^y Factor at ®F *9^® 

RESULTS 

Wet Gas per Mm at - - - “F and "* " * ** Ins Mercury Qy{j,g pgg^ 

Dry " " " " .. M _ - . * .. .. .. .. 


ANALYSIS OF GAS— 

Gas Sampled at Outlet #1 Theisen. 
Carbon Dioxide, COa by Volume) H* 

Ethylene, CaH 4 " " 0. 

Oxygen, Oa " " 

Carbon Monoxide, CO ** « SO. 

Methane, CH. " " 

Hydrogen, H 2 » « 4. 

Nitrogen, N 3 *« « 62* 

Heat Value, Calculated 9®* 


CALORIMETER DATA— 

Temperature Room *F - - - - • 

“ Gas " 

" Exhaust" 

" Inlet Water ’’F - * - - - 

" Outlet “ 

Pressure Gas (Ins. Water) 

Barometric Readmg (Ins, Mercury) - - - 

Lbs Water Heated 

Cubic Feet Gas Metered 

Heat Value, B. T. U 62 ®F and 30 Ins. Mercury 
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test consisting of 71 items is shown in Table VIII. This manner of 
reporting such tests and the data shown, seem to cover pretty thoroughly 
the performance of the unit, including those items of observation which 
are of paramount importance, and we have found it most valuable. 

I believe some such method should be pursued in making all washer 
tests at the various plants and would suggest a form similar to the one here 
shown. It would be of considerable advantage to have all tests reported 
in such a manner that they become comparative, which, of course, was 
our primal object in this case. 

There is shown, also, a standard form for reporting dust and moisture 
determinations on engine gas. We find that this supplies just the data, 
as to performance, that we desire. 


Table VIII. — Standard Form for Gas-Washer Test Carnegie Steel Co., 
Duquesne Furnaces. Gas-Cleaning Plant 


Item 

DESCRIPTION 

Tower Washer 
Number 4 


General 



1 

Date of test 

Hrs Min 

7/19/1913 

2 

Duration of test 

•46 

3 

Type of washer . 


Tower. 

4 

Inside diameter 

Ft 

12 

6 

Height ... 

Ft. 

76 

0 

Area 

Temperatures. 

Sq Ft 

113.1 

7 

Tempferature of gas entering washer 

F. 

476 0 

8 

Temperature of gas leaving washer 

F 

81.4 

9 

Temperature of water entenng washer 

F 

74 0 

10 

Temperature of water leaving washer 

Pressures 

Pressure in system before washer. . 

F. 

112 4 

11 

Ins Water 

9 0 

12 

Pressure in system after washer 

Quantises. 

Ins Water 

6 0 

13 

Water consumed per minute in washer 

Gallons 

875 0 

14 

Volume of gas passing through washer per minute at 62® F. 

Cu Ft. 

22,800.0 


and 30 in. Hg. 



15 

Weight of dust per cubic foot of dry gas at 62® F, and 30 in. 

Grains 

2 6517 


Hg , entenng washer. 



16 

Weight of dust per cubic foot of dry gas at 62® F and 30 in 

Grains 

0 2257 


Hg., leaving washer 



17 

Moisture per cubic foot dry gas at 62® F. and 30 in Hg., enter- 
ing washer 

Grams 

38.4042 

18 

Moisture per cubic foot dry gas at 62® F. and 30 in Hg , leav- 
ing washer 

Moisture per cubic foot of gas at observed conditions, leaving 
washer 

Moisture per cubic foot of gas, saturated at observed condi- 

Grains 

11 7004 

19 

Grams 

10.2862 

20 

Grains 

11 4154 


tions, leaving washer. 

Economic Performance. 



21 

Volume of gas passing through washer per sq. ft. of area, at 
62® F. an<r30 in Hg. 

Cu Ft. 

20 16 

22 

Volume of gas passing through washer per gallon of water con- 

Cu. Ft. 

26 00 


sumed, at 62® F. and 30 in. Hg 



23 

Difference in temperature between gas entering and leaving 

F. 

393.6 


washer. * 



24 

Difference in temperature between water entering and leaving 

F. 

38.4 


washer 



25 

Possible depression in gas temperature 

F. 

401.0 

26 

Actual depression in gas temperature 

Heat Interchange ^ 

F. 

BT.U. 

393 6 

27 

Heat in dry gas entenng wascer per mmuie uphove 32 F ; . 

194,418 

28 

Heat m water vapor entering wasner per minute (Total above 

B.T.U. 

160,090 

32® Fj. 

B.T.U. 


29 

Heat in dust entering washer per minute (Above 32° F.) . . . 

579 

30 

Total heat above 32® F. entering washer per minute ... . 

B.T.U. 

355,087 

31 

Heat in dry gas leaving washer per minute (Above 32° F.) 

B T.U. 

20,690 

32 

Heat in water vapor leaving washer per minute (Total above 
32° F ). 

1 Heat in dust leaving washer per minute (Above 32° F.) 

j B.T.U. 

41,697 

33 

BTU. 

Nil. 

34 1 

Total heat above 32° F. leaving washer per minute 

BT.U. 

62,387 

35 

I Heat transferred to water and radiated , 

B.T.U 

292,700 
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Table VIII. — Standard Form for Gas-Washer Test. Carnegie Steel Co., 
Duguesne Furnaces. Gas-Cleaning Plant. {Continued.) 


Item 

DESCRIPTION 


Tower Washer 
Number 4 

36 

Heat transferred to water as shown by observed nse in tern- 

1 1 

1 B T U 

280,560 

37 

perature. 

Effi>cienciea. 

Efficiency of washer as dust remover 

% 

91 49 

38 

Efficiency of washer in lowering temperature of gas 

% 

98 16 

39 

Gas Analysis, Gravity, etc. 

Carbon Dioxide, CO 2 .. 

% Vol. 

12 8 

40 

Ethylene, C 2 H 4 

% Vol 

0 0 

41 

Oxygen O 2 . 

% Vol 

0 0 

42 

Carb^on ivlonoxide, CO 

% Vol 

26 8 

43 

Methane, CH 4 

% Vol. 

0 0 

44 

Hydrogen, H 2 . .... 

Nitrogen, Na 

% Vol. 

4 0 

46 

% Vol. 

57 4 

46 

Weight per cubic foot dry gas at 62® F. and 30 in. Hg. . . 

Pounds 

0 07661 

47 

Specific gravity referred to air ... 

Calorific value of gas per cubic foot, gross, at 62® F. and 30 in 


1 0033 

48 

BT.U. 

96 7 

49 

Hg. 

Calorific value of gas per cubic foot, net, at 62® F. and 30 in 

BT.U. 

94 7 

60 

Hg. 

Moisture and Dust Determination. 

Gas sampled at . 


After Washer 

51 

Volume of gas metered 

Cu. Ft. 

12 923 

62 

Temperature of gas at meter 


82 7 

63 

Pressure of gas in meter . . 

Ins. Water 

, 

64 

Barometer reading 

Ins Hg 

29 18 

65 

Weight of dust as sampled 

Grams 

0 1708 

66 

Weight of moisture as sampled 

Grams 

8 2044 

67 

Dry gas factor at meter temperature 

% 

0 963 

68 

59 

Volume of Gas. 

Reading taken at ... . 

Temperature of gas in mam 


81 4 

60 

Velocity pressure, Pitot Tube 

Ins Water 

, 

61 

Pressure gas in main 

Ins Water 

6 0 

62 

Barometer reading ... 1 

Ins Hg 

29 IS 

63 

Dry gas factor at main conditions of temperature 

F. 

0 963 

64 

Area of mam at point where Pitometer is used. 

Sq Ft. 


65 

Velocity of gas per minute at point of measurement 

Ft 


66 

Volume of gas per minute at mam conditions 

Cu Ft. 


67 

Miscellany. 

Pumps, power requirements, average for test 

KWH. 


68 

Washer, power requirements, average for test 

Cost of power per kw-hr . ... 

K W.H 


69 

Cents 

1 

70 

Cost of water per 1,000 gallons 

Cents 


71 

Water pressure required for washers 

Lb persq in 

46 to 50 


Moisture and Dust Determinations 

Until within the last six or seven months, aU moisture and dust deter- 
minations were made with the Brady apparatus. We found that the 
results on dirty gas could not be depended upon and were very incon- 
sistent at times, and therefore adopted the method of dust estimation in 
dirty gas mentioned elsewhere in this paper. On clean gas, however, the 
results obtained by the use of the Brady apparatus are suflS.ciently reliable 
for all practical purposes. We are using the apparatus as originally 
designed, but we understand that it has since been considerably improved 
and that more reliable and accurate determinations are possible. Some 
few months ago a number of determinations of dust and moisture, 
Table IX, were made with the Brown apparatus, the results of which 
indicated accuracy and reliability. On engine gas we seem to get very 
good results with the Brady apparatus, encountering very little diflSculty 
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and inconvenience in manipulation, at the same time taking every 
precaution to minimize error. 

In making dust and moisture determinations it has been our aim to 
sample the gas at the same velocity as the gas flowing in the mains. 
With our present Brady apparatus, we find this a little tedious on clean 
gas to stoves and boilers, requiring constant attention and adjustment 
on the part of the observer. However, on engine gas we encounter very 
little inconvenience from this source and have been able to maintain the 
proper velocity with comparative ease. 

The first dust and moisture determinations were made using volu- 
metric tanks in determining gas volumes, which we found to be very 
inconvenient and decidedly limited. These we have replaced by wet 
test meters and as a result have sampled as much as 500 cu. ft. during a 
single test. 

We have not made regular or daily determinations of dust and 
moisture, since we have not been inconvenienced by excessive dust 
deposition, either in our clean mains or the engine cylinders. Tests 
indicate a very uniform dust content in clean gas, with the moisture 

Table IX. — R6sum6 of Dust Tests Run with Brown Apparatus 


Date of Test 

Cu ft 
Gas 

Metered 

Tempt. 
Gas at 
Meter 

Tempt. 
Gas at 
Main 

Baro- 

meter 

Press. 
Gas in 
Main 

Duration 
of Test 

Dust as 
Weighed 

Dust per 
cu. ft. 
Dry Gas 
at 62° F. 
and 80 
in. Hg. 

Point at 
Which 
Sample 
we.s Taken 

® F, 

o F. 

In. Hg. 

In Water 

Minutes 

Grams 

7/16/13 

9.962 

76.50 

82 20 

29.40 

8.00 

30 0 

0 0995 

0 166 



7/17/13 

22.843 

83.80 

80,30 

29 17 

9 00 

105 0 

0 3440 

0 259 



7/18/13 

8.690 

84,70 

86 10 

29 18 

8 00 

30 6 

0 0910 

0.183 



7/18/13 

9 537 

87 00 

87 00 

29.18 

7 00 

35.6 

0 1122 

0 204 



7/19/13 

9 136 

80 60 

80 40 

29.18 

6 00 

33.0 

0.0845 

0 209 


After 

7/19/13 

12 923 

82 70 

81 40 

29 18 

6 00 

43 0 

0.1645 

0 205 


Scrubber 

7/21/13 

3.867 

80 00 

79 30 

29.30 

7 00 

15 0 

0.0725 

0 317 



7/22/13 

5.055 

88 70 

81 40 

29 40 

6 00 

21 0 

0 0780 

0 289 



7/22/13 

6 620 

86 50 

81.00 

29.37 

6 00 

23.6 

0 0903 

0.248 



7/31/13 

7.206 

93 00 

86 00 

29 30 

6 00 

25.0 

0 0678 

0 160 


i 

Average 








0 224 


7/23/13 

4 624 

76 40 

85 60 

29 28 

6 00 

21.00 

0 0636 

0 235 



7/24/13 

6 776 

78.00 

97.40 

29 20 

7 00 

26.0 

0.0980 

0.244 


Before 

7/24/13 

6 098 

77.00 

102.00 

29 20 

6 00 

18 6 

0 0555 

0 183 


Fan 

7/26/13 

2 180 

77.00 

83.60 

29.37 

5.50 

11 25 

0.0305 

0.234 



Average 








0 224 


7/28/13 

6,114 

90 00 

86 26 

29 39 

10.00 

18 0 

0 0240 

0 066 



7/29/13 

9 049 

87 10 

89 70 

29.39 

12 00 

29 0 

0 0306 

0 058 


After 

7/29/13 

4.370 

93 00 

89 00 

29 38 

12 00 

11.6 

0 0215 

0 087 


Fan Sep- 

7/30/13 

10.988 

88.40 

89.10 

29.34 

10.00 

39 0 

0.0426 

0 067 


arator 

Average 








0.0696 
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practically corresponding to saturation at the off-coming gas tempera- 
tures, and at no time have we encountered mechanically entrained water 
in amounts to be detrimental. 

Eaw vs. Clean Gas 

The Use of Raw Gas 

The use of raw gas in stoves is conducive to low efficiencies. This 
is due primarily to the he,avy coating of dust on the brickwork fusing in 
masses, thus preventing the absorption of heat, destroying the brickwork, 
and requiring constant attention to the removal of this material. During 
the periods of scraping out the combustion chamber the stoves are burn- 
ing gas very inefficiently, and at such times as the stove is off for complete 
cleaning the furnace is deprived of one-fourth of its blast-heating capacity. 
The intermittent pressures also make it impossible to obtain a constant 
flue-gas analysis and allow either excess air or gas in the stack. 

The use of raw gas in the boilers shows a similar low efficiency, but 
not so marked. It is customary to blow off the tubes every 24 hr., and 
while the blowing is going on much excess air enters the combustion 
chamber. From the time the tubes are cleaned they start collecting 
dirt again and the steaming power suffers accordingly. Intermittent 
pressure also affects the boiler with regard to flue-gas analyses similarly 
to the stoves. 


The Use of Clean Oas 

By the use of clean gas in the stoves we completely do away with 
cleaning stoves, have a constant pressure in the gas supply, and use an 
orifice plate over the air-inlet door, which gives us an extremely constant 
and economical flue-gas. The saving on clean gas over dirty gas on stoves 
with regard to iron was shown in detail by the author in a discussion 
of Mr. Forbes’s paper on gas cleaning,^ read before the Institute in 
October, 1913, and amounts to 15.91c. per ton of iron. 

The use of clean gas in the boilers gives the same benefits in operation. 

The Use of Refined Gas 

The thoroughly cleaned gas is used only for engine purposes. A 
yearly average of efficiencies of our power engines, with the analysis of 
the gas, is given in Tables XI and XII. The engines are 42 by 60 twin 
tandem Snow engines, driving a 2,000-kw. generator at 83| rev. The 
quantity of gas is approximately 5,000 cu. ft. per minute, each engine 
of this size taking about the same amount as a sthve. 


* Tram., xlvii, 396 (1913). 
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Table X . — Extracts from Boiler Tests 


Observations 


Fuel — Un- 
washed 
Blast- 

Furnace Gas 

Fuel — 
Washed 
Blast- 

Furnace Gas 

1 Number of tests 

1 

16 

15 

2 Average duration of tests 

Hrs ,Min 

6 53 

7:12 

3 Water-beating surface. . . 

# Sq. Ft. 

2,790 

2.790 

4 Steam pressure, gauge 

Sq In. 

129 1 

121 8 

6 Draft ... ... 

Ins. W. 

0 6956 

0 8226 

6 Temperature of stack gases . . 

®F. 

649 3 

652 8 

7 Temperature of fuel gas , . . . 

®P. 

376 3 

101 7 

8 Calonfic value of gas per cu ft. at 32® F and 30 m Hg 

B t u. 

113 07 

106 86 

9 Calonfic value of gas per cu. ft. at 32® F. and 30 in Hg 

B t u. 

104 34 

96.44 

10 Quality of steam, corrected . . . 

Per cent. 

97 01 

97 32 

11 Equivalent evaporation per 1,000 cu. ft gas 

Lb. 

59 14 

61 93 

12 Equivalent evaporation per sq. ft heating surface 

Lb 

3 880 

3 254 

13 Equivalent evaporation per 1,000 B t.u 

Lb. 

0 5297 

0.6190 

14 Fuel gas at 32® F. and 30 in. Hg per developed H.P. 

Cu Ft 

613 7 

572 3 

15 Builders’ rating 

B.H P. 

250 

250 

16 Horse-power developed .... 

BHP 

313 83 

264.16 

17 Per cent of rated capacity developed 

Per cent 

125 53 

105.60 

18 Heat lost due to incomplete combustion 

Per cent. 

7 28 

7.20 

19 Heat lost due to waste gases 

Per cent. 

27 92 

27 44 

20 Heat lost due radiation and unaccounted for 

Per cent. 

14 32 

6.31 

21 Efficiency (heat absorbed by water) 

Item No 8 calculated from analysis, Item No. 9 as 
per calonmeter. 

Per cent. 

50 48 

59 05 


Notation , — The above tests were run on boilers of the same make, type, and rating. 
It will be observed that the boilers working on clean gas developed but very little 
more than the builder’s rating, although working at a higher efficiency than those on 
unwashed gas. This is due to an insufficient gas supply, which is directly traceable 
to undersized mains and connections, the mains having been so designed as to take 
care of only 1,500 boiler horse power of boilers on clean gas. In this case, however, 
the operation of approximately 3,750 boiler horse power was attempted, resulting in 
a gas shortage for each of the respective units. 

The above tests were also run under normal conditions and are therefore repre- 
sentative of working performance. It has been our experience recently that steam 
can be raised very quickly on washed gas, having gotten such boilers on the line at 140 
to 150 lb. gauge from feed water at 70° F., in 30 to 45 min. Due to very uniform gas 
pressures, as mentioned elsewhere, the boilers on washed gas steam ’VQxy regularly. 


There are four blowers and two power engines, the gas cylinders 
being the same in both cases. Gas containing 0.009 grain of dust per 
cubic foot is thus shown to be sufidciently clean for operating purposes. 
The data given relate to electric power engines. No. 1 gas power engine 
started in January, 1910, operated to Dec. 1, 1913, a total of 28,988 hr. 
No, 2 gas power engine started in July, 1910, operated to Dec. 1, 1913, 
a total of 27,096 hr. Total hours operated equaled 56,083. 
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Average load per engine, 1557 5 kw. 

Average cu. ft. dry gas at 62° F and 30 in. Hg consumed per kw-hr., 175 32. 

Average thermal efficiency at switchboard, 19 12 per cent 

Average thermal efficiency per mdicated horse power, 27 14 per cent. 

Average dust in gas = 0 00925 grain per cu ft. of dry gas at 62° F. and 30 in Hg. 

Average dust in air =0.0016 gram per cu. ft of dry air at 62° F. and 30 in Hg 

Engines operate on constant mixture at all loads. Mixture is approximately one 
volume of gas to one volume of air. 

Dust carried into cylinders per cu. ft. gas consumed = 0.00925 +0.0016 = 0 01041 
grain. 

Gas consumed per engine per hour =175.32X1557.5 = 273,061 cu. ft. at 62° F. 
and 30 in. Hg. 

Gas consumed by both engines since starting = 56,083 X 273,061 = 15,314,080,063 
cu. ft at 62° F. and 30 in. Hg. 

Dust carried into cylinders since engines were started = 15, 3 14, 080, 063 X 0. 01 041 
= 159,419,573 grains =22,775 lb. = 11.387 tons. 


Table XI . — Performance of Gas Power Engines, Year 1912 



Legend 


No. 1 Engine 

No 2 Engine 

1 

Total time operating . ... 

Hr.... 

8,313 90 

8,542.38 

2 

Total power output. .... 

Kw-hr 

14,020,290 

14,158,340 

8 

Average load . . 

Kw 

1,704 

1,627 

4 

Load factor ... 

Per cent. . 

85 20 

81.35 

6 

Total gas consumed. . . ... 

Cu. ft. 

2,461,872,000 

2,601,288,000 

6 

Gas consumed per kw'-hr 

Cu. ft 

176 59 

183 73 

7 

Gas consumed per i.h p-hr 

Cu. ft 

120.61 

126 10 

8 

Gas consumed per b.h p-hr 

Cu ft 

91.59 

95.84 

9 

Calorific value of gas, average for year 

B t u.. 

95 80 

95 80 

10 

Heat consumed per kw-hr . .... 

B t u . . 

16,822 

17,601 

11 

Heat consumed per b h p-hr ... 

B.t.u 

11,546 

12,080 

12 

Heat consumed per i h p-hr. . 

B.t.u 

8,774 

9.181 

13 

Thermal efficiency at switchboard 

Per cent . 

20.28 

19 38 

14 

Thermal efficiency at b.h.p ... 

Per cent 

22.04 

21.07 

15 

Thermal efficiency at i h.p 

Per cent . 

29 01 

27 72 

16 

Gas consumed per minute, average for year . . I 

Cu.£t . . 

4,935 

5,075 

17 

Gas consumed per hour, average for year 

Cu ft. ... 

296,100 

304,600 

18 

Time operating .i 

Per cent . 

94.40 

97.60 

19 

Time delay due to engine .. .. 

Per cent. . 

2 79 

1 52 

20 

Time delay due to engine, not required 

Per cent . 

0.91 

0 64 

21 

Time delay due to other causes . . , 

Per cent 

1.80 

0.34 


Gas volumes and calorific values all at 62® F. and 30 in. Hg. 


Within a few hours after starting, all exposed parts inside of the cylin- 
ders except the wearing surface become coated with a light brown deposit. 
It has been our experience that if oil can be kept away from these surfaces 
this deposit is only very slightly increased by further operation of the 
engines. In the combustion chambers, where there is never any oil 
present, the deposit is so even that we have operated cylinders for nearly 
four years without cleaning these surfaces, and consider that the presence 
of such an even coating is an advantage, having an insulating effect, and 
protecting the metal from the direct action of the hot gases. However, 
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where an excess of oil is present, as on the inside of cylinder head directly 
below the piston rod (the oil being carried in by the rod), the dirt accumu- 
lates more rapidly and often very unevenly. If an engine is shut down 
and the head allowed to cool, then started and brought up to working 
temperature again, the contraction and expansion of the head breaks the 
accumulated oil and dirt loose in the form of scale or blisters, the edges of 
which are easily heated and cause premature explosions. Usually this 
scale will partly break off, due to these premature explosions, and trouble 
at this point usually ceases until the next time the engine is stopped and 
started. When this trouble occurs too frequently, the engine is shut 
down, the cylinder examined through the opening for air-starting check 
valve, and the deposit scraped off if possible. If too hard or considered 
too extensive an accumulation the head is pulled out and the surfaces 
thoroughly cleaned. Following this procedure, we have some cylinder 
heads on our blowing engines that have not been out for over 18 months. 
Previous to August, 1913, when new piston rods were installed in the two 
power engines, practically every cylinder on the two engines had been 
closed up for more than a year, although examined through the starting- 
valve opening at shorter intervals. 

We have an advantage over engines with exhaust valves directly in 
the bottom of the cylinder in that the oil and dirt that accumulate here 
do not interfere in any way with the operation of the valve, but can be 
blown out through the drain valve, with which each end of each cylinder 
is equipped. These valves are held open for two full cycles every 3 hr. 

Our experience indicates that with our type of ei^ine we can operate 
from 12 to 18 months without removing heads for cleaning, the smaller 
particles of dirt being removed at lesser intervals, and also that the clean- 
ing is necessary principally from the fact that oil is present. The por- 
tions free from oil are covered so evenly that the presence of the deposit 
is an advantage. 


Comparison of Systems 

For the purpose of comparing general systems of gas cleaning, it 
might be interesting to note, first, a proposed installation of Duquesne 
tower washers as suggested for two furnaces, washing only for stoves. 
This installation depends on the simple scrubbing of gas without fans 
and will only reduce the top pressure about 2 in. of water, delivering gas 
to stoves at 0.5 grain of water above saturation point and cleaned to 0.2 
grain of dust per cu. ft. The water used is standpipe water at its cost, 
delivered to point of consumption and boosted 15 ft. by a centrifugal 
pump. Second, an installation of two 40-ft. scrubbers in series, taking 
advantage of the bosh water head if the plant construction justifies the 
same, or with just sufiicient “boosting” to obtain a 30-ft. head. These 
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installations will compare in cost per 100,000 cu. ft. of gas washed and 
per ton of iron as follows: 


First case 
Second case 


Cost 

per 100,000 cu. ft. 


Cost 

per Ton Iron 


0 04941 0 02386 

0 00709 0 0034 


It is evident that where sufficient head is available to use bosh water 
direct, two of these towers in series will make the cheapest installation 
possible, both as to first cost and operation cost, as the cost of pumping 
water is the major expense. The cost of operation between the towers 
and mechanical washers depends on the relation of water cost to power 
cost and machinery repairs. 

It is also very desirable to have the temperature of the gas as low as 
possible to remove moisture, and this means either a series of machines 
or a counter current effect such as is obtained in a tower construction. 
It is also evident that in a machine where the water is in continuous con- 
tact with the gas, the gas will leave at the temperature of the outgoing 
water. The plant shown in Fig. 14 will be sufficient for two furnaces and 
will allow ample spare capacity, as each scrubber will be capable of hand- 
ling 40,000 cu. ft. of gas per minute when pushed. This means that one 
scrubber can be used as a spare if so desired. An estimate of the cost of 
construction for the plant shown in the first proposition is as follows: 


Estimated Cost of Duquesne Gas Scrubber for a Two-Furnace Plant 


Excavating and foundations. . .. .. $1,200 

Scrubbers, incl water valves and flijes, main gas flues not included 13,450 

Brick lining for flues, main gas flues not included ... . . . 500 

Supports for water valves . . . . . 750 

Pipe line, 4 in, in diameter . . . . . . 400 

Rotary water valves. . . ... 2,750 

Water strainers. , , ... .... . 500 

Centrifugal pump and motor, capacity 5,000,000 gal. per 24 hr .... 1,550 


$21,100 

General expense and contingencies, 5 per cent 1,055 


Total $22,155 


Cost of Cleaning Gas 

The cost of cleaning gas for the year 1912 is given in Tables XIII 
to XV, and may be useful in showing an actual condition and what can 
be expected from an equipment working under the local conditions as 
outlined. 
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Fig. 14 ,— Pboposed Installation of Scrubbers for Stoves and Boilers for Two Furnaces, Capacity 

OF EACH SCRXJBBEH, 40,000 CU. FT. PER MlNTJTE. 
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Table XIIL — Cost of Cleaning Blast-Furnace Gas — Primary, Year 1912 

General Statement 




Year’s Average 

1 

Gas cleaned: 



No 3, 4, 5, and 6 furnace stoves . . . 

3,117,660,000 


Gas engines 

804,322,000 


Total. ... ... 

3,921,982,000 

2 

Water consumed (gallons): 



Scrubbers 

134,209,000 


Fans 

22,167,000 


Water valves 

13,869,000 


Total 

170,235,000 

3 

Electric current consumed: 



Lighting, kw-hr.. 

2,203 


Pumps.. .... 

51,660 


Fans. 

226,615 


Total. ... 

279.368 

4 

Producing labor cost . 

$373 42 

5 

Labor in repairs and maintenance 

248.65 

6 

Materials in repairs and maintenance .... 

190 66 

7 

Cost of electric current consumed 

1,063 44 

8 

Cost of water consumed .... 

595 88 

9 

Total cost .... 

$2,462.04 


Primary Cleaning— Economic Performance 




Year’s Average 


Cu. ft gas cleaned: 


1 

Per gallon of water, scrubbers ... 

29 65 

2 

Per gallon of water, fans 

180.65 

3 

Per cu. ft. of water, scrubbers . .... 

222.26 

4 

Per cu. ft. of water, fans. . . . . 

1,354.11 

6 

Per gallon of water, primary ... 

23 00 

6 

Per cu. ft. of water, primary 

172 20 

7 

Per kw-hr , primary. . . . 

14,616.70 


Cost per 100,000 cu ft 


8 

Producing labor. . 

$0 01052 

9 

Labor in repairs and maintenance 

0.00630 

10 

Matenals in repairs and maintenance .... 

0.00481 

11 

Electric current 

0 02660 

12 

Water . . 

0.01606 

13 

Total cost per 100,000 cu. ft., primary. . . . ... 

0 06329 


Percentage of total cost: 


14 

Producing labor 

16.62 

16 

Labor in repairs and maintenance * 

9 95 

16 

Materials in repairs and maintenance . . ... 

7.60 

17 

Electric current 

42.03 

18 

Water ^ ... 

23.80 

19 

Cost per 160,000 cu. ft. gas, primary 

$0 09496 

20 

Cost per 1,000,000 B.t u., primary 

0 00667 

21 

Cost per 1,000,000 B.t,u., natural gas. ...... . ... 

0.04166 

22 

Cost per 1,000,000 B.t.u., coal 

0.04464 
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Table XIV . — Cost of Cleaning Blast-Furnace Gas — Final Cleaning, Year 
1912. General Statement 




Year's Average 

1 

1 

' Gas cleaned, engines 

804,322,000 

2 

Water consumed, Theisens (gallons) 

15,043,000 

3 

Eleotnc current consumed: 



Lighting, kw-hr 

513 


Power ... ... 

137,663 


Total 

138,166 

4 

Producing labor cost 

$157 50 

5 1 

Labor in repairs and maintenance 

66 06 

6 ! 

Matenals in repairs and maintenance. 

140 80 

^ i 

Cost of electric current consumed . . 

538 64 

8 1 

1 

Cost of water consumed. . 

52 65 

9 

Total coat. .... 

$956.55 


Final Cleaning— Economic Performance 


• 

1 

Year’s Average. 

1 

i Cu. ft. gas cleaned. 

Per gallon water consumed . 

53 48 

2 

' Per cu, ft. water consumed , . . , , 

400.77 

3 

i Per kw-hr water consumed 

6,822 10 

4 

Cost per 100,000 cu. ft • 

Producing labor, . . ^ 

$0 01966 

6 

Labor in repairs and maintenance 

0 00822 

6 

Materials in repairs and maintenance . 

0 01701 

7 

Electnc current 

0 06710 

8 

Water 

0.00653 

9 

Total cost per 100,000 cu. ft , final cleaning . . , , . , , 

0 11856 

10 

Percentage of total cost: 

Producing labor , , . 

10 57 

11 

Labor in repairs and maintenance 

6.94 

12 

Matenals m repairs and maintenance 

14.35 

13 

Electric current 

66.59 

14 

Water 

5,65 

16 

Cost per 1,000,000 B t u . 

Final cleaning 

$0.01237 

16 1 

Natural gas 

0.04166 

17 1 


0 04464 

18 I 

Cost per 160,000 cu. ft 

0.17784 
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Table XV. — Cost of Cleaning Blast-^Furnace GaSj 1912. General Exhibit 


A. 

Cost per ton of iron — Gas cleaned and delivered to stoves 

1 Average for 

1 Year 

1 

Total gas delivered to stoves for month, cu. ft . . 

32,406 93 

2 

Cost per 100,000 ou ft. at stoves, primary 

SO. 06329 


Total cost gas cleaned and delivered to _^stoves . .... 

$2,051 03 

4 

Tonnage, furnace working on clean gas in stoves 

63,061 

5 

Cost per ton of iron — gas cleaned and delivered to stoves 

$0 03252 


B. 

Cost per ton of iron — Gas cleaned and delivered to blowing engines 

1 Year’s Aver. 

1 

1 

Total gas delivered to en&nes for month, cu. ft . . . 

3,828 01 

2 

Cost per 100,000 ou. ft., gas delivered to engines 

$0 18185 

3 

Total cost of gas cleaned and delivered to engines 

$696,124 

4 1 

Tonnage credited to gas-blowing engines 

31,524 


Cost per ton of iron — gas cleaned and delivered to engines. ... 

$0.022082 


C. 

Cost per 1,000 kw-hr., gas cleaned and delivered to gas power engines 

Year’s Aver, 

1 

Total gas delivered to gas power engines for month, cu. ft 

4,215 21 

2 ! 

Total cost 100,000 ou ft. — gas dehvered to engines 

$0.18185 

3 

Total cost gas cleaned and dehvered to engines in month 

$766 536 

4 

Total power output, gas power engines — kw-hr 

2,367,386 

5 

Cost per 1,000 kw-hr — gas cleaned and delivered to engines 

$0 32379 


Note Items No, 1 — 100,000’s cu ft. 


Cost of Fans and Scrubbers 

The fan operation is expensive, due to the high power consumption. 
This can be noted in the yearly cost for 1912. If we had ample mains 
and good draft, as can be obtained in a simple plant for only scrubbing 
for stoves and boilers, a fan would be unnecessary and costs would 'be 
lessened accordingly. If bosh water were used at no charge, the cost 
would be lowered further. The cost of water and power in 1912 was 
66 per cent, of the entire cost, and with a simple tower plant, without 
fans and using bosh water, the cost would be reduced in that proportion. 
The operating ‘force due to the secondary cleaning, handling of motors, 
etc., gives a proportion chargeable to primary cleaning which would be 
unnecessary in a simple primary tower plant for stoves and boilers, as 
the attention so required is very small. From the costs shown and the 
deductions which may be drawn, it is very reasonable to expect to wash 
gas by efficient towers sufficiently clean for stoves and boilers for 1.5c. 
per ton of iron. 
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Cost of Theisens 

The Theisen cost is high, due also to power and service water. The 
power cost cannot be changed very much with this type of machine. 
The water expense would be cut down if bosh water were used. The< re- 
pair cost is high, as is natural to expect in such a rapidly revolving piece 
of apparatus. 

Conclusion 

There are numerous ways and means of cleaning gas, as presented 
in Mr. Forbes’s paper before the Institute in October, 1913. The dry 
cleaning, as at present operated, is cumbersome, occupies large space, is 
expensive to install and is open to numerous operating difficulties. In 
all wet systems the handling of the fine sludge becomes the same problem, 
whether it is removed by mechanical devices or by towers, and from the 
standpoint of an operator, the simplest device is generally the most 
inexpensive and requires the least attention. From the experience de- 
rived from our installation it seems that a simple tower with proper 
means of preventing channeling is the easiest solution for primary gas, 
as 0.20 to 0.25 is generally conceded to be sufficiently clean for stove and 
boiler purposes. 

The author wishes to gratefully acknowledge the aid of S. E. Eld- 
ridge, in charge of gas cleaning at the Duquesne Works, under whose 
direction many of these data were collected and tests prepared. Other 
data, tests, and deductions, as well as some of the details only outlined 
here, were presented to the Institute by the author in a discussion of 
Mr. Forbes’s paper on gas cleaning in October, 1913, and might be in- 
teresting in this connection. It has been the desire in the present paper 
to present actual and experimental data, as well as general and interest- 
ing information on the subj ect of blast-furnace gas cleaning. The data are 
confined to one plant, but as that plant has operated for five years, it is 
representative of general practice, and the information presented may be 
uqeful as an aid to others in furthering the knowledge on this present 
live subject. 

Discussion 

A. E. Maccoun, Braddock, Pa. — ^To the practical blast-furnace man 
this paper is of the greatest interest. Every furnace manager in this 
country is striving to procure a better product and decrease the cost of 
production. One important factor in obtaining these results is the maxi- 
mum utilization of the energy contained in blast-furnace gases. 

At the Edgar Thomson Works of the Carnegie Steel Co. we installed, 
in 1906, primary washers to wash the gas supplying the stoves of four 
blast furnaces, and in addition to this to furnish enough primary washed 
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gas to supply Theisen washers for three Westinghouse 3,000-h.p. gas 
engines. We are now installing additional primary washers to wash the 
gas for the stoves of all the 11 blast furnaces located at this plant. Fig. 15 
gives the general outline of one of these newer gas-washing installations. 

Being intimately connected with this work since its inception, as well 
as being familiar with the system installed at the Duquesne plant, I wish 
to call attention to the valuable data Mr. Diehl has submitted to this 
Institute, before proceeding with the discussion. These data represent 
extensive tests covering five years of operation, and were obtained only 
after a large amount of costly research work, and are therefore very 
valuable to any one interested in the subject. In fact, I do not know 
that such complete data on this subject have ever before been published. 

Mr. Diehl’s tests show the absolute necessity of obtaining clean gas 
for use in blast-furnace stoves if we expect to secure the most efficient 

results. 

Different Systems of Gas Cleaning 

At the October, 1913, meeting of the Institute Mr. Forbes read a paper 
describing the different systems of gas cleaning in use. There are two 
distinct cleaning processes, wet washing and dry cleaning. 

The usual practice for a plant with several blast furnaces is to use an 
efficient dust catcher on each furnace and at times additional auxiliary 
dust catchers, or dry cleaners, so as to catch as much as possible of the 
heavy material sent over with the gases, as this material can be better 
taken care of in the dry state. From here the gas is collected in one 
central dirty-gas main and conducted to the additional cleaners; or it can 
be used directly as dirty gas in emergencies. 

This arrangement tends to equalize the variations in the amounts of 
gas given off by the different furnaces, and better and more regular results 
are obtained from the cleaning plants. 

Many attempts have been made to discover a practical dry-cleaning 
or filtering process which would clean gas sufficiently to allow it to be 
burned in the blast-furnace stoves with the best possible results. The 
sensible heat of the gas which is lost by washing amounts to about 4 per 
cent, of the total heat value of the gas, assuming that the unwashed gas, 
by the time it reaches the stove or boiler burners, is at very nearly 300° 
F., which is approximately its true temperature. 

There are numerous objections to most of the proposed dry-cleaning 
processes. Of course, with gas engines, it is absolutely necessary to cool 
the gases, so as to have the smallest possible engine cylinders and acciurate 
ignition. Both of these results are best obtained with dry, cool gas. 

Some have tried to combine the wet and dry systems by directing hot 
gases against water surfaces. Most of these systems, if they are very 
efficient in the removal of dirt, are objectionable, on account of the out- 
going gas becoming laden with moisture. 
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We are at present experimenting on a cleaner of this type modeled 
after the smoke consumers at the New York Edison power plant; it is 
known as the Murray cleaner. The gas is taken through a restricted 
orifice and injected against a diagonal plate on which a film of water is 
always running; it is a very simple device and the water consumption is 
low. On test this device has shown up remarkably well in that the gas 
loses very little heat in passing through the cleaner, and the outgoing gas 
is remarkably clean and low in moisture. We have placed this cleaner 
on one of our hot-blast stoves, and will try it by actual use over a long 
period, and thereby demonstrate its real value as a device for this class of 
work. 

The gas for this cleaner on the test referred to was taken off the main 
dirty-gas flue connecting all furnaces. Inlet gas on an average contained 
15.342 grains of moisture per cubic foot and 0.9210 dust; outlet contained 
4.414 grains of moisture and 0.2252 dust per cubic foot. 

The Cottrell process of electrical precipitation has also been mentioned 
in this connection. I understand the Bethlehem Steel Co. are to try 
this out on a small scale. There will no doubt be other developments 
along this line. It is to be hoped that some safe, efficient dry-cleaning 
process will finally be developed. 

We have had very little experience in this country with primary 
mechanical washers, except in utilizing this type of washer in the further 
refining of gas for gas-engine use, and therefore are not in a position to 
criticise these primary washers to any great extent. They have not been 
looked upon favorably, however, on account of their power requirements 
and the fear of large maintenance costs, etc.. 

Tower washers of the baiHe, Zschocke, and spray types are used to a 
large extent for primary cleaning at our blast-furnace plants on account 
of their simplicity and the absence of moving parts; all these washers give 
excellent results. At Edgar Thomson our original washers were of the 
bafflie type, but it was found that the b^ffie plates used in the towers 
rapidly became built up in spots with flue dust, thus causing the gas to 
^'channel’' through narrow passages, and therefore the eflBlciency of the 
baffle was not as high as it should be. Aside from this, the water did 
not form a very uniform film over the edges of the baffles, so that the 
contact of the gas and water was not intimate enough. We are therefore 
abandoning this type of tower washer in favor of the Diehl spray type. 

Diehl Spray Type of Gas Washer 

Additional advantages of this type of tower washer are: 

The rotary valve is on the outside of the tower and is easily reached 
for repairs. Some of the other types of rotary spray washers require 
taking the gas off the towers to make these repairs. 

VOL, L. — 4 
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The area through the washer is not as restricted as through the baffle 
type, as this type of washer has the advantage of the entire area of tower, 
whereas the inner tube in the baffle type of washer takes up about half 
the area, and there is no cleaning done in this tube. 

The counter-current principle is alwa3'^s most effective for the transfer 
of heat, hfost of the various types of tower gas washers work on this 
principle. 

The gas is introduced into the tower from below and ascends slowly, 
the water descending from above, so that the coolest gas always comes in 
contact with the coldest water and the hottest gas with the hottest water. 
The Diehl type of spray carries this principle even further, as the water, 
bj'' means of pressure, is sprayed up a certain distance and then descends. 
Mr. Diehl’s paper and tests show how efficient this intermittent-spray 
type of washer is, in that the difference in temperature between the gas 
leaving the washer and the ingoing water is approximately only 5° or 
6° F. 

In some cases fans are used to boost the pressure; in other cases the 
pressure from the furnace is sufficient. At Edgar Thomson we use fans 
between the towers, but very little, if any, cleaning is attributed to the 
fans, as no water is run on them at the present time. When they were 
originally installed a series of Koerting sprays were used and water was 
run on them continuously. This caused the fan rotors to eat away and 
the power required to drive them was the heaviest item entering into the 
cost of cleaning. Spray pipes at high water pressure are connected to 
them twice a week for a short time only, and the sides of the casing and 
rotor are thoroughly flushed out. 

Mr. Diehl gives an interesting example of a proposed installation of 
his type of tower washer for two furnaces, washing only for stoves, which 
depends on the simple scrubbing of the gas without fans. It can be read- 
ily seen how well this plan works out and how low the cost of construction 
($22,155) for such a plant would be for the saving effected. 

Moisture 

I have known of some cases where gas-washing plants have been in- 
stalled and very bad results were obtained by using the gas on the hot- 
blast stoves. In nearly all such cases it developed that the gas was not 
being cooled sufficiently to precipitate the moisture and eliminate it from 
the gas. The moisture must be eliminated to as great an extent as possi- 
ble; the gas should be cooled below 70® F. to obtain good results. 

Fig. 16 shows the moisture curves of blast-furnace gas, giving at the 
various temperatures the grains of water present per cubic foot of gas 
reduced to standard dry gas at t° and 30 in. mercury. 

Curiae No. 1. — So-called “ saturated gas” ; i.e., gas mixed with saturated 
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aqueous vapor. At and above 212° F., its value is infinity at atmos- 
pheric pressure. 

Curve No. 2. — Moisture accompanying each cubic foot of dry standard 
gas produced fronf normal unwatered furnace stock. 

Curve No. 3. — Moisture accompanying each cubic foot of dry standard 
gas produced from normal furnace stock to which has been added 6 per 
cent, of its weight of water to thoroughly moisten it and reduce the amount 
of flue dust. 

At temperatures below the intersections of curves Nos. 2 and 3 with 
the ''saturation'' curve, No. 1, a considerable amount of the accompany- 
ing moisture of these gases cannot be held as true vapor, and is either 
held to some extent in a supersaturated state, or is precipitated out. 



Fig. 16 — Moisture Content op Blast-Furnace Gas, Calculated to Dry Gas 

AT t° AND 30 IN. Mercury. 

Study of these curves shows that the best results cannot be obtained 
from washed gas if it is not cooled sufficiently to obtain low moisture 
content. 

One of the most important considerations in the use of clean gas is to 
be able to mix the proper amount of air and gas at the stove burner and 
thereby obtain perfect combustion. Mr. Diehl partly shows the efl&- 
ciency of dry cool gas in his tables, but he fails to state that it is impossible 
to burn dirty gas efficiently in any case, because if it is attempted the 
high temperature of combustion melts some of the flue dust carried by 
the gas down into the well of the stove, filling it up, and gradually forming 
a big solid lump of sinter, which it is nearly impossible to remove without 
the expenditure of a large amount of labor and a great loss of time. To 
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avoid this when using dirty gas a low temperature of combustion is pur- 
posely sought in the combustion chamber of the stove at the expense of 
loss in efficiency. 

Nitrogen Compounds 

It is fair to ignore the formation of nitrogen compounds in the gas, as 
Mr. Diehl’s experiments have failed to even find traces of these com- 
pounds upon special research analyses. The coloration observed at the 
washers could be readily produced by extremely minute traces of ferro- 
cyanides. 

The Efficiency of Hot-Blast Stoves 

The importance of high heats is fully realized in modern blast-furnace 
practice and we wish to obtain these higher heats by utilizing blast-furnace 
gas as efficiently as possible, as the demand for the gas remaining after 
supplying the stoves and blowing engines is becoming greater all the time. 
Steel works are endeavoring to turn out better products, which necessarily 
require more refining and work, and an increasing amount of power. 
Blast-furnace gases have a much greater fuel value than an amount^ of 
coal containing an equal number of B.t.u.’s, as they require no expensive 
handling and make an ideal fuel for nearly any use around a steel plant. 

The stove tests submitted by Mr. Diehl show conclusively the better 
efficiencies obtained by the use of washed but in comparing these 
results it must be borne in mind that the stoves burning the clean gas on 
which tests were made were not originally built for this gas. They should 
have had much smaller checker openings; thereby much greater heating 
surface would have been obtained and their efficiency greatly increased 
over the figures presented. With dirty gas, where it is not possible to 
use small checkers successfully, the use of a 9-in. checker opening for 
stoves is common. On our newer stoves, adapted for clean gas, the 
checker openings have been decreased to 6 in., and in some cases to 5 in., 
the heating surface gained being approximately 30 per cent. 

In this connection I wish to refer to another point that has not been 
brought out fully enough. With a thoroughly cleaned stove good results 
can be obtained for a short time with dirty gas. 

Take a blast-furnace that has four clean stoves and uses dirty gas. At 
first excellent heats are obtained ; gradually the checker openings begin to 
clog with fine dust; it bridges over the top of the checkers, the heats begin 
to run down quickly, and the efficiency drops. I have known of such 
cases where the decrease in stove efficiency has been over 12 per cent. 
The coke consumption of the furnace then increases, the product decreases 
and the furnace practice becomes very poor. Then one stove at a time 
is taken off for cleaning, the results being still poor until the stoves are 
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finally all cleaned, and we have the four stoves again in use. During 
this time the furnace has become accustomed to low heats, and it usually 
takes some time to bring it back to the former good practice. When this 
is finally accomplished it is not long before the operation has to be re- 
peated and the stoves cleaned again. Therefore the stove tests do not 
represent at all the actual gain in blast-furnace practice obtained from the 
use of clean gas, as the greatest gain is having a regular, dependable hot- 
blast temperature and the elimination of as many variable furnace 
conditions as possible. 

In addition to the above, the use of clean gas represents a large saving 
in repairs and renewals required on the stove linings, etc.; also on hot- 
blast valves and seats, pipes, tuyeres, etc., as these are very badly cut- 
and costly repairs are continually required when dirty gas is used. 

We frequently find the bustle pipe half filled up on one side of a furnace 
that has been on for any length of time, which also tends to irregular 
distribution of blast. 

All of these important factors must be considered in arriving at the 
true gain represented by the use of clean gas for stoves. 

There are further economies to be made which will also increase the 
eflSciencies obtained in hot-blast stoves, and which I wish to mention 
in this connection: 

1. The tables Mr. Diehl has submitted and our own tests show the 
heat loss in flue gases from our hot-blast stoves to be approximately 20 
per cent. This heat should be utilized to add to the temperature of the 
cold blast before it enters the stove to be further heated. I understand 
this is done at some of the German blast-furnace plants. 

2. Eadiation losses, figuring roughly on the exposed surface of the 
stove shell, vary from 7 to 12 per cent. This is hard to arrive at accu- 
rately, as no radiation formulas are available to suit this particular condi- 
tion. By more efficient insulation between the brickwork and the shell 
a saving might be effected here. At present we have a 2-in. space filled 
with loam mixed with granulated blast-furnace cinder. 

3. A more efficient burner will be devised to get as high a combustion 
temperature as possible in the lower part of the combustion chamber, 
and thus shorten the flame and confine all the combustion to the combus- 
tion chamber, so that the hot products of combustion alone will pass 
through the checker work. In most cases the combustion is not com- 
pleted at the top of the checkers. 

'' Savings Through Gas Cleaning on Stoves 

At some blast-furnace plants hard ores or ores of good physical struc- 
ture are used to a large extent in the burden. This, combined with slow 
driving, will greatly reduce the usual troubles in stoves caused by the flue 
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dust carried in the gas, but such cases are rare, and do not apply to modern 
blast-furnaces using a large percentage of Mesabi ore in their burdens, 
which furnaces we are here considering. 

Mr. Diehl gives the cost of primary cleaning gas for stoves per 100,000 
cu. ft. as ' I or $0 03252 per ton of iron, which would be very much 
reduced with a new installation arranged so that not so much electrical 
power would be required for operating the fans. 

The saving on clean gas over dirty gas on stoves with regard to the 
cost of iron is given as SO. 16108 per ton of iron. This 'I consider very 
conservative j in fact, I consider that $0.22 per ton of iron is a more 
representative figure for this saving for a modern blast-furnace using a 
large percentage of Mesabi ore. 

Savings Through Gas Cleaning for Boilers 

No attempt has been made at the Edgar Thomson Works to clean gas 
for boilers except on tests, as the boilers at our plant give very little 
trouble from the dust in the gas building up in passages and tubes, and 
what does gather there is easily blown away by steam from a hose fitted 
with a 1-in. nozzle. We have made boiler tests using clean gas, but 
could not see enough saving in its use for this purpose to warrant the 
investment. The saving depends on what type of boiler is used. 

F. Louis Ghammee, Leesburg, Va. — I ask Mr. Diehl whether he has 
ever analyzed blast-furnace gas when the furnace was hanging — I do 
not mean hanging around the bosh, but hanging due to throttle near the 
top — or whether he ever analyzed the gas immediately preceding such a 
slip. I remember that in blowing in a furnace at Cleveland, owing to 
congested traffic conditions, the locomotive was not able to get around 
to dump the dust catcher. The result was that our blast pressure rose, 
consequent to back gas pressure, to some abnormal figure, such as 26 lb., 
and yet everything seemed to be all right. There was a good deal of 
concern over the situation, and no one understood what the cause of the 
trouble was until it was discovered that the dust catcher had not been 
dumped. When the dust catcher was dumped the pressure dropped to 
about 14 lb. 

I have an idea, which has not been fully tested — I only offer it as a 
suggestion — ^that possibly a throttling of the escaping gases would tend 
to make for excessive carbon deposition in the upper part of the stack, and 
as a preliminary to such a congestion this excess would be reflected in the 
chaiPged composition of the gas. This subject received a good deal of 
attention at my hands in 1904, when we had available nothing like such 
an elaborate presentation of the subject as Mr. Diehl has just given. I 
make that suggestion as of possible interest in case further investigations 
along this line are made. Personally, I believe that the throttling of the 
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downcomer would tend to decompose the escaping gases so that the car- 
bon decomposition would be increased. My impression is that spilling 
occurs more frequently on dirty flues. 

A. N. Diehl. — I do not recall any analyses that we have purposely 
taken before and after slips, with the object of determining the point 
which Mr. Grammer has in mind. As mentioned in my original paper, 
we did at one time take some analyses of gas directly after a slip to ac- 
count for the back-firing of our gas engines. We suspected hydrogen in 
this gas due to moisture in the stock, and therefore prepared ourselves 
for this test. We have often noticed when a furnace becomes very tight 
and is hanging continuously, that the gas becomes very sharp, which 
can easily be noticed as it is burned in the stoves and boilers. This 
might account for the condition such as Mr. Grammer is referring to. 
I will be glad to make some experiments along these lines to obtain further 
information in the matter. 

J. W. Richards, So. Bethlehem, Pa. — I ask Mr. Diehl whether, in 
the dry dust or washing water which may have been used, there is any 
concentration of potassium salts; that is, whether any of these have been 
detected in the dust, or in the water used for cooling. 

A. N. Diehl. — I have shown in my paper analyses of the deposits 
sublimated on the ports and piston heads of gas engines, indicating a 
content of alkalies equal to 30 to 40 per cent. The water from the scrub- 
bers is alkaline to a certain extent and we find soda and potassa present. 
We often find quite heavy deposits of cyanides and alkalies in the brick 
lining of the blast furnaces, some analyses of which show about 40 per 
cent. These deposits seem to permeate the brick. 

J. W. Richards. — I asked the question because Mr. Eckles of Wash- 
ington had patented the use of potassium-iron silicates in the blast 
furnace, in order to collect the potassium which would be volatilized and 
caught in the dust coming from the furnace. I wanted to know to what 
extent that worked out in ordinary practice. 

A. N. Diehl. — On the fans of our Theisens we obtain deposits also of 
alkalies, but the quantity is comparatively small considering the large 
quantity of gas passing through. I do not have any figures to show the 
quantity obtained in this manner. 
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Notes on the Utilization of Coke-Oven and Blast-Fumace Gas for Power 

Purposes 


BY HEINRICH J. FREYN, CHICAGO, ILL. 

(New York Meeting February, 1914) 

• The American iron and steel manufacturer finds himself to-day 
barely at the threshold of enormous possibilities for practicing rational 
economy in the use of fuels. The fuel cost is by no means the smallest 
of items which enter into the cost of manufacture of iron and steel prod- 
ucts, but the great wealth of this country in high-grade fuels, together 
with a protective tariff, has heretofore made fuel economy relatively 
unimportant. 

In Germany, the use of raw coal for the purposes of iron and steel 
manufacture has been all but abandoned and large sums of money, 
formerly irrevocably wasted, are now being saved. 

When scanning the literature of this country devoted to the appli- 
cation of gas power, but little information will be found on a subject 
which, however, is destined to become of considerable importance in the 
United States, namely, the use of coke-oven gas for the generation of 
power in gas engines. 

This lack of information can be traced to the fact that the regenerative 
by-product coke oven with its large amount of surplus gas is still far 
from having attained in this country the universal application which it 
has found in Europe. This statement needs hardly any corroboration 
other than the evidence of statistical investigations made by E. W. Parker 
of the United States Geological Survey, according to which only approxi- 
mately 26 per cent, of the total coke produced in this country in 1912 was 
made in by-product coke ovens, whereas 75 per cent, was produced in bee- 
hive ovens. This entailed the enormous loss of over $80,000,000 in non- 
recovered by-products, such as gas, tar, and ammonia, without consider- 
ing the substantial loss due to the non-recovery of benzol from the coal. 

There are two more or less distinct fields of application of the by-prod- 
uct coke oven: one, to furnish as the main product metallurgical coke 
of specified quality, and surplus coke-oven gas as the by-product, and the 
other, to carbonize high-volatile coals, and thus produce as the main 
product large quantities of gas, high in heat value and rich in illuminants, 
adapted primarily for domestic heating and lighting, while domestic 
coke becomes the by-product. 
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Owing to the large tonnage of coke required in metallurgical industries 
vast quantities of surplus gas become available, for which a field of use- 
fulness must be found. Wherever a steel works is connected with the 
blast-furnace plant, this surplus gas can be used advantageously in addi- 
tion to that derived from the surplus blast-furnace gas, in the manufacture 
and heating of steel, or for the production of power. Thus the necessity 
of shipping into the plant any other coal except cokihg coals can be 
practically eliminated 

With isolated blast-furnace plants which produce their own by-product 
coke, the uses of the surplus gas are not so obvious, since the quantity 
of surplus blast-furnace gas by far exceeds the immediate demand for 
power. But where blast furnaces are grouped in the vicinity of large 
cities, they will have a better opportunity than ever for profitably selling 
their surplus gases for domestic heating and lighting, or in the form of 
electric power, because they can furnish these commodities at lower cost 
than the cities themselves could produce them. 

The modern by-product coke oven is fully capable of producing 
excellent metallurgical coke for blast-furnace use, from certain coals and 
coal mixtures, and, in addition, a quantity of surplus gas commensurate 
in every way with coal and water gas, and of a heating value equal to 
modern specifications for illuminating gas. By the proper selection of 
coking coals, the blast-furnace manager is thus placed in the enviable 
position of manufacturing blast-furnace coke, satisfactory to himself, 
in coke ovens operated under his own management, and yet of furnishing 
all, or at least the rich portion of, his surplus coke-oven gas for distribu- 
tion through the city gas mains. 

But a large field of opportunity remains to apply profitably the sur- 
plus gases of metallurgical industries for the purposes of neighboring 
communities, even in the steadily diminishing instances where the obso- 
lete minimum-candle-power specification is still maintained, and where 
public service corporations prefer to install by-product gas chamber 
ovens of their own for the purpose of carbonizing gas coals and disposing 
of the total coke-oven gas for illuminating purposes. Modern industrial 
life causes the demand for electric light and power to increase by leaps 
and bounds, so that public service corporations are constantly obliged 
to add to the capacity of their electric light and power plants. The 
purchase by such corporations of electric current generated from industrial 
surplus gases at nearby blast furnaces and coke-oven plants, or the ac- 
quisition of these surplus gases for power production in power plants of 
their own, becomes a very desirable transaction, whicl\ offers financial 
advantage to both seller and buyer, and ultimately to the consuming 
puljlic at large. 

By taking advantage of the recent innovation of H. A. Brassert, blast 
furnaces are now able to insure fulfillment of a contract for the delivery of 



58 


NOTES ON THE UTILIZATION OP COKE-OVEN GAS 


a specified uniform amount of power in times of business depression as 
well as activity. Brassert virtually transforms a non-active blast furnace 
into a huge gas producer, and gasifies in it, small coke, raw coal, and coke 
breeze, on the principle of the slagging type of producer, using open-hearth 
slag as flux. This has been very successfully demonstrated at South 
Chicago and Gary. 

This disposes of the argument that curtailment of pig iron and coke 
production in time of business depression militates against the fulfillment 
of a contract of this nature. 

In order to show what can be accomplished in the practical utilization 
of the surplus gases of a blast furnace and coke-oven plant of moderate 
size, calculations are appended, which were based on the following 
assumptions: 

Two isolated blast furnaces, of 350 or 450 tons daily capacity each, 
are installed near a large city, together with a coke-oven plant of just suffi- 
cient size to furnish the necessary coke for these blast furnaces. Coking 
coals of proper quality for making good blast-furnace coke can be deliv- 
ered for $3 per long ton f.o.b. the furnace plant. The by-product 
coke is charged to the blast furnaces at $4.25 per net ton, which price is 
about $1.25 below the cost of standard beehive coke delivered in that 
locality. Coke-oven gas of a heating value of 550 B.t.u. per cubic foot, 
but not subject to minimum-candle-power specifications, can be used 
in the city for domestic purposes and would bring a price of 12c, per 
1,000 cu. ft. The prevailing cost of electric power is 1.2c. per kilo- 
watt-hour distributed. With a practically unlimited power market, the 
total surplus from the blast-furnace and coke-oven gases of this plant 
can be absorbed by the established electric power company, which oper- 
ates steam turbine power stations of approximately 300,000,000 kw-hr. 
total output per year generated at a yearly use factor of about 38 per cent. 

With such favorable local conditions, the total quantity of coke-oven 
gas can be used for domestic or power purposes, or both. To realize this, 
gas from some outside source must be used for under-firing at the coke 
ovens. Blast-furnace gas should not be used for this purpose in this 
instance, since this ideal gas-engine fuel can much more profitably be 
utilized for the production of electric power. Producer gas made from 
small coke and coke breeze in revolving grate or slagging type gas pro- 
ducers would answer splendidly and should be used if sufficient quantities 
of these fuels are available. As a general rule, however, the amount of 
coke breeze does not exceed 7 per cent, to 8 per cent, of the total coke 
made, and this quantity is not sufficient to produce the necessary gas for 
under-firing. 

In this discussion, it was assumed that a mixture of raw coal and coke 
breeze is gasified in some type of mechanically-stirred gas producer 
equipped with apparatus for the recovery of by-products. This producer 
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plant would be in operation at practically full output at all times, making 
this method of providing for under-firing very cheap and attractive. The 
question whether the total quantity of coke-oven gas produced should be 
marketed for community use, or only its rich portion, while the lean por- 
tion is used for power purposes in the natural state, or in admixture with 
blast-furnace gas, can be properly answered only when the quality of the 
coking coals is known and when the value of the coke-oven gas is correctly 
appraised. This value depends entirely upon the use to which the gas is 
put. It is determined from case to case by the price of other fuels which 
could be used for the same purposes and which this gas replaces. 

Distinction must be made between the ''cost of production” and the 
"value at consumption” of such gases, because different gases vary con- 
siderably in pyrometric effect and the heating value per cubic foot of any 
gas compared with that of another fuel is not necessarily a criterion of its 
intrinsic value. For example, if blast-furnace gas and coke-oven gas are 
used for power purposes, their value can be determined as follows: 

A blast-furnace gas-engine power plant of about 16,000 kw. installed 
capacity, operating at a use factor 

Total kilowatt-hours produced per ye ar 

Maximum continuous rating of plant X 8,760 ^ * 

would produce about 60,000,000 kw-hr. per year. 

The cost of producing electric current at the switchboard, based upon 
the values given in the author^s recent paper published in the Year-book 
for 1913 of the American Iron and Steel Institute, would be about as 
follows: 

Cents 


Net operating expenses iacluding gas purification per kfiowatt-hour. . 
Fixed charges 15 per cent, on the total investment of $1,440,000 ($90 

per kilowatt installed capacity) 

The total cost of power per kilowatt-hour without fuel expenses would 

thus be 

If electric power distributed in the locality is worth 1 2c. per kilo- 
watt-hour and if the value of power delivered at the switchboard of 

existing steam power plants is 

(deducting 0 40c. per kilowatt-hour distribution charges) then the 
value of fuel per kilowatt-hour consumed in the gas engine station 

would beO 80—0.58 = 

Assuming a heat consumption of 19,000 B.t.u. per kilowatt-hour 
(over-all thermal efl&ciency 18 per cent, at 36 per cent, use factor) 
and a heating value of blast-furnace gas of 100 B.t.u. per cubic 
foot, the gas consumption per kilowatt-hour would be 190 cu. ft., 
valued at 0 , 22c. 

The value (not the cost) of 1,000 cu. ft. of purified blast-furnace gas 
would, therefore, in this particular case be ^qq - XO .22 = 

On the basis of equivalent, absolute heat units and disregarding the 
difference in pyrometric effect (which is of little influence in gas-en- 
gine work) the value of coke-oven gas of 650 B.t.u. per cubic foot 
compared with that of blast-furnace gas of 100 B.t.u, per cubic 


0.15 

0.43 

0.58 

0.80 

0.22 


1.16 
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If, however, the use factor of this power plant were materially greater, 
for instance SO per cent., as it could be m case of parallel operation 
of the gas-engme plant with existing steam-turbine mstallations, 
then the value of coke-oven gas used m gas engines would be much 
higher. 

At 80 per cent, use factor, a 16,000-kw. power plant would produce 
about 112,000,000 kw.hr. annually and the cost of generation at 
the switchboard would be as follows:. Cents 

Net operating expenses including gas purification, per kilowatt-hour . 0 09 

Fixed charges: 15 per cent, on $1,440,000 . . . . . 0.19 

Total cost per kilowatt-hour without fuel expenses 0.28 

If the value of power at the switchboard of existing steam-turbme 

stations is 0 80 

as before, and if the heat consumption of the gas engines is 16,000 
B.t u. per kilowatt-hour (over-all thermal efficiency 21 5 per cent. , 
at 80 per cent, use factor) and the heatmg value of blast-furnace 
gas 100 B.t.u. per cubic foot, then the gas consumption per kilowatt- 
hour would be 160 cu ft. valued at 0.80— 0.28= . . 0.52 

The value (not the cost) of 1,000 cu. ft. of blast-furnace gas would now 

be 52 = . . . . . . . .. 3.25 

and that of coke-oven gas on the basis of equivalent heat imits 5 5 
X3.25 or approximately (per M cu. ft ) 18.0 

The cost of sulphur purification of the coke-oven gas must be deducted, 
since this expenditure reduces the profit realizable from its utilization. 
But, since an equal amount would have to be subtracted from the selling 
price of illuminating gas, because sulphur cleaning is just as essential in 
one case as in the other, the values found above can be directly compared 
with the price obtainable by the sale of this gas for illuminating purposes. 

It will be seen that the intrinsic value of these gases depends greatly 
upon the use factor of the power plant, and that, at a price of 12c. per 
1,000 cu. ft. for domestic gas, coke-oven gas would really be more 
valuable as a gas-engine fuel if the power plant operates at 80 per cent, 
load factor throughout the year. 

From this calculation the deduction could be made that, in case of an 
unlimited market for electric power and with nearly full output of the 
gas-engine station, it would be more profitable to operate gas engines on 
coke-oven gas than to sell the latter for domestic purposes. This con- 
clusion would be perfectly justified if coke-oven gas could be used in very 
large gas-engine units just as satisfactorily as blast-furnace gas. In 
spite of the present remarkable development of the gas engine, such is, 
however, not quite the case. Especially in this country, there are but 
very few coke-oven gas engines of medium size in operation and these were 
built a number of years ago when even the blast-furnace gas engine in 
this country was, as it were, in its infancy. 

The blast-furnace gas engine has to-day attained a very high standard, 
as can readily be seen by the truly remarkable results achieved with the 
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world's largest gas-engine plant at Gary; but tbe coke-oven gas engine, 
although mechanically equivalent to the blast-furnace gas engine, has to 
deal with a fuel of entirely different character. 

Blast-furnace gas contains on an average not more than 3§ per cent, 
hydrogen, from 25 per cent, to 28 per cent, carbon monoxide, and has but 
a fraction of 1 per cent, of methane; its heating value is about 95 to 100 
B.t.u. per cubic foot. Coke-oven gas, on the other hand, varies greatly 
in composition according to the kind of coal carbonized and the time of 
generation during the process of carbonization. It contains from 50 
per cent, to 60 per cent, hydrogen, 4 per cent, to 8 per cent, carbon mon- 
oxide, 2 per cent, to 5 per cent, illuminants and from 28 per cent, to 35 
per cent, methane and its heating value ranges from 450 to 650 B.t.u. per 
cubic foot. Blast-furnace gas requires approximately its own volume of 
air, while coke-oven gas must be mixed with from 8 to 15 volumes of air 
for complete combustion and satisfactory operation in gas engines. The 
large percentage of hydrogen in coke-oven gas causes an extremely rapid 
flame propagation, so that the time of combustion of a mixture of coke-oven 
gas and air is considerably shorter, and this combustion much more of an 
explosive character, than is the case with blast-furnace gas. The com- 
pression in coke-oven gas engines must, on account' of these characteristic 
qualities of the fuel, be kept considerably lower than is customary and 
appropriate for blast-furnace gas engines. 

The principal reason for the early difficulty with coke-oven gas engines 
abroad was that high compression pressures were used, which resulted in 
excessive explosion pressures. The latter not only caused serious damage 
to gas cylinders, pistons, and piston rods, but were responsible for 
extremely unsatisfactory engine operation on account of severe premature 
explosions, which occurred particularly at heavy loads. Costly expe- 
rience has taught European gas-engine manufacturers to reduce the com- 
pression pressure in coke-oven gas engines to 110, and even to 85 lb. per 
square inch, depending somewhat on the percentage of hydrogen in the 
gas. While, according to thermodynamic laws, a lower compression 
pressure is necessarily followed by a lower thermal efficiency, it has been 
^und in practice in Germany that the actual heat consumption per 
b.h.p, hour of coke-oven gas engines at full load is practically the same 
as that of blast-furnace gas engines for the same load condition. Theory 
and practice thus seemingly disagree, but the explanation of this phenome- 
non is not difficult : one reason is the better mechanical efficiency at lower 
compression, but the principal reason is that coke-oven gas engines must, 
for practical considerations, be operated on very lean gas mixtures, that 
is, with a large air excess. The presence of a much larger quantity of air 
than is theoretically necessary, and the rapidity of flame propagation, 
result in perfect combustion of the charge at practically constant volume, 
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while blast-furnace gas-engine indicator cards frequently reveal after- 
burning of the mixture during expansion. 

Owing to the snappy action of the gas, coke-oven gas engines are at 
times quite susceptible to back-firing and premature explosions. Effec- 
tive cooling of gas cylinders, pistons, piston rods, etc., becomes, therefore, 
a very important matter on account of the intense heating of these parts. 
The absolute quantities of coke-oven gas consumed during one working 
cycle are comparatively small, even at full load, and perfect regulation of 
coke-oven gas engines is, therefore, not as easily accomplished as that of 
blast-furnace gas engines. Serious difficulties were encountered in the 
earlier days because it was found quite impossible to maintain satisfactory 
parallel operation, especially at fractional loads, of coke-oven gas-engine 
generators feeding into the same system. Ignorance on the designer’s 
part was very largely responsible for these difficulties, because gas ports 
and gas-valve areas were made far too large, and entirely out of propor- 
tion to the size of the air ports, since no attention was paid to the low spe- 
cific gravity of coke-oven gas. Much larger quantities of gas than actually 
required at any specific load were thus caused to enter the gas cylinders, 
and these earlier engines nearly always operated on excessively rich mix- 
tures. The obvious result was, after burning, destruction of exhaust 
valves, piston rods, and cylinders, violent back-fires and vicious premature 
explosions, all of which caused extremely unsatisfactory commercial 
operation. 

These difficulties can be readily overcome at present by correct appli- 
cation of a few simple laws and experiences on the designer’s part. To- 
day the coke-oven gas engine has reached such a high state of perfection 
in Germany that it is second only to the blast-furnace gas engine in impor- 
tance and serviceableness, with the qualification, however, that unit ca- 
pacity and more particularly the rating must be conservative. 

Several years ago it was thought perfectly admissible to rate coke-oven 
gas engines a good deal higher than blast-furnace gas engines, and it was 
reasoned that the higher heating value of coke-oven gas should allow of 
higher mean effective pressures in the gas cylinders. When it was found, 
however, that, after a comparatively short time of operation, these engines 
began to show distinct signs of distress, and caused an appalling amount 
of difficulties and expense, designers and operators wisely reduced the 
maximum capacity by strictly limiting the mean effective pressure to 
about 65 lb. per square inch. When it was clearly realized that coke-oven 
gas engines must under no circumstances be rated higher than blast- 
furnace gas engines, that the compression pressure should be lowered and 
lean mixtures must be used, the operation of plants which formerly were 
distinguished by their endless troubles, improved as soon as the necessary 
changes had been made. Several large coke-oven gas-engine stations in 
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Germany have now been in very successful, continuous operation for 
over five years. 

The latest coke-oven gas engines built by Thyssen & Co., of 
Muelheim-Ruhr, Germany, were installed at the Bonifacius colliery, in 
Westphalia. Each engine is of the twin tandem double-acting four-cycle 
type having four gas cylinders 47| in. in diameter, 51 in. stroke, and devel- 
ops at 94 rev. per minute about 5,000 b.h.p. Alternating current of 5,000 
volts is generated and used at the various pits for operating electric hoists 
and other machinery. The power station can be operated in parallel 
with the R.W.E. in Essen, and is tied in with the blast-furnace gas-engine 
station at Gelsenkirchen and with several steam-turbine plants in the 
vicinity. Parallel operation is beyond criticism and the load factor of 
these engines is very high — ^from 90 per cent, to 100 per cent. — since 
peak loads are taken up by the blast-furnace gas-engine plant and the 
steam turbines. These engines were built two years ago and are prob- 
ably the largest coke-oven gas engines in the world. Previous experiences 
with smaller gas engines were carefully considered when these engines 
were designed. The compression pressure is only 85 lb. and the maximum 
explosion pressure does not exceed 250 lb. per square inch. Each cylinder 
end is provided with three igniters. The gas consumption as measured 
by means of a large gas holder was found to be 12,000 B.t.u. per kilo- 
watt-hour at 90 to 100 per cent. load. The over-all mechanical effi- 
ciency, including generator, is 82.3 per cent, at that load. The engines 
are equipped with butterfiy valve gear, and regulation is performed 
on the combination ' Equality-quantity” principle. In the opinion of 
Thyssen & Co., even larger coke-oven gas engines than these could be 
built without difficulty. The repair costs of such engines would not be 
any higher than those for blast-furnace gas engines, provided they 
receive equally efficient care. 

The Friedrich-Wilhelms-Huette of Muelheim-Ruhr, Germany, have 
equipped with their gas engines what they contend is the largest coke- 
oven gas-engine plant in the world. The power house at the Prinz 
Regent colliery has a total capacity of 21,600 b.h.p. and contains four d. a. 
twin tandem gas engines of 4,000 b.h.p. each, one d. a. single tandem unit 
of 2,000 b.h.p. and two d. a. single tandem units of 1,800 b.h.p. This 
firm is now building an air compressor direct coupled with a two-cylinder 
twin coke-oven gas engine of 1,700 i.h.p. capacity, furnishing 8,750 cu. 
ft. of free air per minute compressed to 85 lb. per square inch, which 
is used for various purposes about the coal mines. 

Ehrhardt & Sehmer, Saarbruecken, Germany, are among the fore- 
most builders of gas engines in Europe. The largest coke-oven gas 
engines built by this firm have four cylinders 4 : 7 ^ in. in diameter, 45^ 
in. stroke, and operate at 108 rev, per minute, giving 4,600 b.h.p. 
This firm claims to be prepared to build such engines in unit sizes of 
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8,000, and even 9,000 b.h.p., if such large engines were demanded, and 
now has under construction a unit 51 in. in diameter, 51 in. stroke, to 
operate on “Mond" producer gas, which in the mixture unit contains 

more hydrogen than coke-oven gas. 

M. A. N. of Nuernberg, Germany, who were the first gas-engine 
builders to introduce the double-acting four-cycle gas engine in its 
present form, claim that they are building units of 6,000 b.h.p. 
capacity in four cylinders. This concern has probably the largest num- 
ber of gas engines in operation throughout the world. 

There are not many coke-oven gas engines of such large unit 
capacity in operation in Europe, and it seems that about 1,100 to 1,200 
b.h.p. per double-acting gas cylinder is at present the upper limit of such 
engines abroad. 

The overwhelming majority of gas-engine manufacturers in this 
country restrict the capacity of coke-oven gas engines to about 700 or 
850 b.h.p. per double-acting cylinder at present and until more experi- 
ence is available, which will undoubtedly be the basis for a gradual devel- 
opment considerably beyond the present maximum unit size. This 
prudent and conservative policy on the part of American gas-engine 
builders shows excellent judgment, and deserves warm appreciation and 
cordial support, because it will surely forestall troubles and disappoint- 
ments. The coke-producing industries should encourage this spirit and 
assist the manufacturers by installing coke-oven gas engines and develop- 
ing a field which has lain idle altogether too long. Ultimately the 
producer of electric power, using coke-oven gas engines, will be the bene- 
ficiary if he is the benefactor now. 

The questions of design and material for gas cylinders and of the best 
system of regulation and valve gear arrangement were very thoroughly 
and ably discussed in a paper presented by Prof. Paul Langer of Aachen, 
Germany, before the recent annual meeting of the American Society of 
Mechanical Engineers. Professor Langer’s conclusions are based on both 
theoretical and practical considerations and coincide with the present 
views of the majority of gas-engine manufacturers abroad. Careful 
study of this paper will prove highly interesting and instructive to those 
concerned in the subject. Briefly, Professor Langer advocates the con- 
tinued use of cast-iron gas cylinders, preferably in one piece, and he 
recommends the so-called combination, “quality-quantity” regulation 
method, which is so easily and perfectly secured by the universal use of 
simple butterfly valves for gas and air control. 

Turning now from the mechanical features of the coke-oven gas 
engine to the fuel itself, it should be remembered that the presence of 
sulphur in coke-oven gas in the form of sulphuretted hydrogen and carbon 
bisulphide was the cause of very serious troubles before it was learned 
how to combat its influence. The slightest water leak in the gas cylinders 
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from defective pistons or water-cooled exhaust valves resulted in serious 
corrosion of all finished parts, and particularly of piston rings, piston rods, 
and metallic packing. This corrosion was caused by sulphuric acid 
formed by the combination with oxygen and water of sulphur dioxide, 
resulting from the combustion of sulphur in the gas. Instead of striking 
at the root of the evil by proper sulphur purification, and by prevention’ 
of water leaks, attempt was made to cure the trouble by resorting to 
building materials which would not be attacked by sulphuric acid. The 
author remembers that the first single-acting coke-oven gas engine de- 
signed by him in 1901 was equipped with gas-cylinder liners and exhaust 
valves made of a special phosphor bronze. 

Later, several gas-engine builders in Germany abandoned the use of 
water-cooled exhaust valves and substituted solid, non-cooled valves, 
in order to reduce the liability of water leaks. This practice is now well 
established for blast-furnace gas engines, but the most prominent and 
experienced manufacturers prefer to use water-cooled Durana metal 
exhaust valves for coke-oven gas engines on account of the much higher 
temperature of the exhaust gases. The true remedy was found, however, 
when it was learned to design pistons, cylinder heads, and gas cylinders 
in such a manner that cracking of these parts was avoided. But, even 
now, it is one of the most important duties of the operators to watch 
carefully for water leaks and, fortunately, the presence of water in the 
gas cylinders can easily be discovered by the dull black appearance of the 
piston rods. 

The corroding influence of sulphuric acid formed by sulphur in the 
gas in the presence of water can often be seen on the exhaust piping 
whenever water has to be injected to mufi3.e the noise of the exhaust. In 
several plants abroad aluminum exhaust pipes which are not attacked 
by acids were tried with very good success, but the prohibitive cost of 
the material makes its extensive use impracticable. Cast-iron pipes and 
mufflers with a 2-in, coating of concrete or lead-lined pipes are used 
in several plants and in a few exceptional cases the short cast-iron pipe 
connections between exhaust chambers and mufflers are simply replaced 
every second or third year. 

Considerable progress has been made in recent years in designing 
sulphur cleaning plants which eliminate nearly all of the sulphuretted 
hydrogen, although no practical means has so far been discovered to 
separate carbon bisulphide from the gas. Gas-engine manufacturers 
in Europe are, however, willing to guarantee satisfactory and continuous 
operation of gas engines supplied with purified coke-oven gas contain- 
ing as much as 1.25 grains of sulphur compounds in 1 cu. ft. The 
sulphur purification is accomplished by passing the coke-oven gas, after 
recovering the by-products, through filter boxes consisting of a number of 
sections filled with iron oxides or with a mixture of iron ore and certain 
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patented masses. A mat which is much used in Belgium with consider- 
able success consists of two-thirds bog iron ore and one-third patented 
^'Lux^' mass which has the following composition: 


72.40 
8.00 
2.60 
1.40 
2 90 
5 00 
8 13 


100.43 

The mat is regenerated from time to time by removal from the puri- 
fiers after a certain length of service and exposure to the atmosphere, or 
else continuously by adding to the gas 2 to 3 per cent, of air, which is 
drawn in at a convenient point between the coke-oven batteries and 
exhausters. 

Nitric acid formed in the gas cylinders during combustion of the charge 
has a corroding effect upon the finished engine parts similar to that 
of sulphuric acid. Nitric acid is formed from the traces of ammonia 
remaining in the gas, after passing through the by-product plant. The 
danger from nitric acid is minimized if the direct ammonia process is 
used, since, by the latter, the ammonia is recovered from the gas so com- 
pletely that hardly any trace remains. 

Naphthalene, which is deposited by the gas particularly in cold weather, 
easily obstructs pipe lines and valves. This also has been the cause of 
much annoyance. If benzol is recovered from the gas no trouble from 
naphthalene deposits can occur, since it is absolutely necessary for efficient 
benzol recovery to extract the naphthalene from the gas. In plants where 
benzol is not recovered, it happens not infrequently that the gas pipes, 
etc., have to be steamed out from time to time in order to dissolve the naph- 
thalene, which otherwise accumulates in the piping and on the valves, 
xmtil the output of the power plant is noticeably reduced. It should be 
mentioned incidentally that benzol recovery, in connection with by-prod- 
uct coke-oven plants, improves gas-engine operation owing to the elimi- 
nation of certain hydrocarbons, and because the heating value of the 
gas is reduced about 5 per cent. Back-firing and premature explosions 
occur much less frequently when debenzolized coke-oven gas is used in 
gas engines, as practical experience in a large coke-oven gas-engine plant 
in Germany has shown. Coke-oven gas used for power purposes, or as 
fuel in a steel plant, does not require any illuminating properties; the 
recovery of the benzol from the gas for sale offers very attractive fi- 
nancial possibilities and yields an exceptionally handsome profit on the 
investment. 


FcoOs. 

AW3 

S1O2 

CaO 

NasO . . 
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A straight-forward acknowledgment of the salient difficulties with 
earlier coke-oven gas engines coupled with a full account of the remedies 
which eliminated the trouble in subsequent installations can have only a 
beneficial effect upon the cause of the coke-oven gas engine. We learn 
mostly by our mistakes, but if warning is freely given and also properly 
heeded, the tepetition of failures can and will be avoided in the future. 
The meager experiences had with one or two earlier coke-oven gas-engine 
installations in this country are, in the author’s judgment, not sufficient 
premises to argue for or against the use of coke-oven gas for gas-engine 
purposes and to draw conclusions of any value. The evident hesitancy 
on the part of the great majority of gas-engine users in this country to 
adopt the coke-oven gas engine as part of their standard power equipment 
is based upon lack of knowledge rather than upon discouraging facts. 
Just as the producer-gas engine is unjustly being blamed for the short- 
comings of certain gas producer installations of the past, so the reputation 
of the coke-oven gas engine is still suffering from the effects of former ignor- 
ance of the peculiarities of a gas-engine fuel which has many ideal qualities 
but requires intelligent handling. 

Coke-oven gas engines are now used abroad to no small extent, but 
their application has so far been more or less limited to the generation of 
electric power. The principal reason is that European, and particularly 
German, coke-oven plants are usually located at the coal mines, where no 
demand for other forms of power exists. In a few instances coke-oven 
gas blowing engines share in the blowing of blast furnaces, but only with a 
view to insuring the safety of the furnace plant in case the supply of air 
delivered by the blast-furnace gas blowing engines should, for some 
reason, suddenly fail. In these very rare cases, the coke-oven gas 
engine is merely a rather unnecessary factor of safety, which can readily 
be dispensed with in modern blast-furnace plants. The application of 
the coke-oven gas engine for direct driving of rolling mills is to the author’s 
knowledge not illustrated by a single installation abroad or in this coun- 
try. No inherent difficulty peculiar to the coke-oven gas engine is respon- 
sible for this condition; in fact many considerations point clearly to the 
advisability of its use for this purpose. Its absence from this field is 
largely explained by the geographical separation of coke-oven plants and 
rolling mills. 

The load conditions of rod, wire, and sheet miUs are not unfavorable 
for direct gas-engine drives, since they impose upon the prime mover 
neither violent nor excessive load variations. The average power demand 
of such mills is moderate, so that frequently single tandem gas-engine 
units are fully capable of performing the work. The rope wheel, which 
usually drives a number of stands, is necessarily of large diameter and can 
easily be given sufficient weight to provide for ample flywheel effect. 
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Uniformity of rotation is thus insured and it is not difficult to obtain a 
perfectly uniform product. The direct-connected rolling-mill gas engine 
for light continuous mills does not require much overload capacity, and 
can therefore be suitably rated to operate at a high load factor. The gas 
consumption is then very low and the thermal efiiciency high. The result 
is a substantial fuel economy per ton of finished product, compared with 
steam-engine, steam-turbine, or electric-motor drives. 

The principal advantage of direct gas-engine mill drives is, of course, 
the saving in cost of installation and operation. Such direct drives do 
away with costly combinations of electric central station, transformers, 
transmission lines, mill motors, and the requisite expensive auxiliaries. 
They are, moreover, not attended by the multiplicity of efficiency losses 
on account of the roundabout way of generation, transformation, and 
transmission of energy, which are handicapping electric mill drives. 
Blast-furnace gas engines are used for light rolling mill purposes in a num- 
ber of steel plants abroad and they have proved the adaptability and ser- 
viceableness of the gas engine for driving direct-connected roll trains in 
years of satisfactory service. 

In our country the installation of by-product coke-oven plants located 
near blast furnaces and steel mills is rapidly becoming distinctly American 
practice. The use of coke-oven gas, or of a suitable mixture of blast-fur- 
nace and coke-oven gas, in gas engines for rolling-mill purposes has, there- 
fore, a better future here than abroad. 

Blast-furnace gas of low heating value and great volume does not lend 
itself readily to economical long-distance transportation through pipe 
lines, because the first cost of compressor equipment and pipe line would 
alone be prohibitive. Besides there would be the high maintenance and 
operating expenses of such an arrangement. For coke-oven gas contain- 
ing from five to six times the amount of heat energy in a given volume, 
these conditions are much more favorable. The transmission of coke- 
oyen gas for illuminating purposes through distances of 80 and 90 miles 
is not unknown in this country, and the expenses incidental to the instal- 
lation and operation of booster stations are moderate. Similar conditions 
obtain in the case of piping a mixture of blast-furnace gas and coke-oven 
gas, although, of course, in a less degree. In this country, large steel 
plants are frequently so extensive, and cover so much ground, that the 
distance from the blast furnaces to the light rolling mills is considerable. 
Sometimes these mills are operated under different management, or even 
by independent corporations. The use of coke-oven gas, and the instal- 
lation of direct-connected gas engines for driving these mills, may, in such 
instances, offer both financial and operating advantages. Manifestly, 
no general rule can be laid down which would apply in all cases where the 
question of direct gas-engine drives for rolling mills is at issue. Local 
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conditions of load, of arrangement of mills, of distance from the source of 
gas supply, and others, must be carefully considered, and the intrinsic 
value of the gas for this particular purpose must be determined from case 
to case, in order to realize the greatest possible returns from its utiliza- 
tion, whether inside or outside of the steel plant. Each single case must, 
therefore, be examined on its own merits, and the influences must be 
intelligently weighed, which individually and collectively bear upon the 
financial result of such installations. 

No matter what objections could justly or unjustly be raised against 
the use of coke-oven gas for direct power generation in modern gas engines, 
none of these can possibly apply to the use of a mixture of blast-furnace 
and coke-oven gas. The practice of combining blast furnaces, steel mills, 
and coke-oven plants in one locality gives the American iron and steel 
master an enormous advantage over the majority of his European com- 
petitors in the matter of rational utilization of the available surplus gases. 
It is evident what truly ideal conditions would obtain in such combined 
plants if only one kind of gas fuel were used for all requirements of the 
plant. A gas mixture in suitable proportions of blast-furnace and coke- 
oven gas would fulfill the most exacting specifications which could be 
imposed. It could be used to heat the blast for the blast furnaces, to 
operate blast-furnace and Bessemer gas-blowing engines, to produce elec- 
tricity in gas electric central stations, to run the pumping plant, to serve 
as bench fuel at the coke ovens, to heat the pig-iron mixers, to produce 
steel in open-hearth furnaces, to heat the ingots in the soaking pits, and 
the steel in the reheating furnaces, to drive gas engines direct connected 
to certain roll trains, to supply the needs of the foundry, and, finally, to 
raise steam in boilers. Such a gas mixture would oSer these steel plants 
even greater advantages than those enjoyed by a few others in this coun- 
try which are still blessed with an adequate supply of natural gas. 

The scope of this paper does not permit discussion of the metallurgical 
uses of gas fuels, and reference should be had to Emile Houbaer’s recent 
paper .on this subject which was read before the (British) Iron and Steel 
Institute’s October meeting at Brussels. Houbaer’s exceedingly valuable 
contribution to the knowledge of the application of blast-furnace, coke- 
oven, and producer gas for steel-making purposes illustrates particularly 
recent achievements at the works of the John Cockerill Co., of Seraing, 
Belgium, which has truly been the pioneer in the economic utilization 
of industrial surplus gases in its different phases. 

It was pointed out in previous paragraphs that both blast-furnace 
gas and coke-oven gas possess certain characteristic qualities which are 
advantageous or disadvantageous from the standpoint of gas-engine 
operation. The use of a mixture of these gases very happily combines 
the good points of both, while it eliminates nearly all their objectionable 
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features. The addition of a small portion of coke-oven gas to a much 
larger quantitj’' of blast-furnace gas results in a moderate increase of 
both heating value and ignition velocity of the gas-engine fuel mixture. 
With a suitable compression pressure perfectly satisfactory results from 
the use of such mixtures in gas engines are assured. The amounts of 
hydrogen and hydrocarbons are materially smaller than in coke-oven 
gas, but somewhat greater than in blast-furnace gas, so that this mixture 
in composition and effect is somewhat similar to air-blown producer gas. 
A segregation of hydrogen will not occur if the mixing of the constituent 
gases is thorough, and if the gas holder is designed to prevent pocketing 
and stagnation of the gas mixture, which is not a difficult matter. The 
first requirement can be very easily accomplished by scrubbing both 
gases simultaneously in regular static and dynamic gas washers, which 
are necessary for cleaning blast-furnace gas for engine purposes. The 
so-called secondary gas washers of the centrifugal type, whether fans, 
disintegrators, or Theisen washers, produce such a thorough and uniform 
mixture of the gases that segregation of the elements of low specific 
gravity cannot occur in the short time of travel of the gas mixture from 
the gas- washing plant to the place of consumption. 

There would not be any difficulty in maintaining a heating value of 
the gas mixture to all intents and purposes uniform, if this task were 
committed to the action of automatic devices. One, or, if necessary, 
several, automatic recording gas calorimeters — ^for instance, of the 
"Smith” type — could be equipped with a maximum-minimum electric- 
contact attachment, corresponding to the permissible maximum and 
minimum heating value of the gas mixture. These calorimeters would 
control — ^by means of relays and electric motors — ^gate or butterfly 
valves, arranged in the coke-oven gas pipe at, or near, the point of con- 
nection with the blast-furnace gas main. 

The suggestion of using a gas mixture for gas-engine purposes is by 
no means new or original, with the exception perhaps of the proposed 
method of controlling the heating value automatically. Gas»engine 
plants using such mixtures have been in very successful operation 
abroad for a number of years. Owing to intelligent design and to simple 
butterfly valve gear regulation, variations of considerable magnitude 
in the heating value of the gas mixture are apparently without detri- 
mental effect upon the operation of these engines. The heating value 
of the mixture is controlled by hand at these plants. A mixture of one 
part of coke-oven gas of 500 B.t.u. and of 15 parts of blast-furnace 
gas of lOO B.t.u. would have a heating value of 125 'B.t.u. per cubic 
foot. 

Let us assume that the chemical composition by volume of the two 
original gases in some particular case is as follows: 
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Blast-Furnace Gas, Per Cent. Average Coke-Oven Gas, Per Cent. 


CO. ... 
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Cn 

. . .20 
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... 58.0 

N 
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100.0 

B.t.u 


101 
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500 


If one part of coke-oven gas is mixed with fifteen parts of blast-furnace 
gas, the chemical composition of the resulting mixture would be approxi- 
mately the following: 

1 : 15 Coke-Oven Gas : Furnace Gas Mixture 


CO 24.8 per cent. 

CO 2 12 0 

H 6.0 

CH 4 2.1 

CnKn, 0.1 

N 55 0 


100.0 per cent. 

B.t.u 125 


The composition of this gas mixture corresponds very nearly to that 
of producer gas made from coke or anthracite coal, as will be seen from 
the low content of hydrogen and hydrocarbons, etc. A gas mixture of 
this typical composition would make an ideal gas-engine fuel. A gas- 
engine plant of much larger capacity could be installed and operated, 
owing to the increase in quantity, and the improvement in quality, of the 
available gas fuel. The argument that the admixture of valuable coke- 
oven gas to blast-furnace gas would be vmeconomical, on account of the 
unavoidable losses caused by large quantities of gas escaping unused at 
times of light load, is justified only if the load factor of the power station is 
very low. This will not be the case, however, if the gas-engine station is 
operated in parallel with existing steam power plants. When carrying 
the bulk of the average load in the gas-engine station, leaving peak loads 
to be taken care of by the steam turbo-generators, these gas losses would 
be of very little importance. 

If such arrangements are made with the public service corporation 
operating steam power plants in the district, the largest possible gas-engine 
power station should be installed, limited in capacity only by the average 
constant hourly power demand and, of course, by the amount of available 
surplus gas mixture. Spare units in. the gas-engine station are unneces- 
sary, since a number of existing steam turbo-generators would stand by in 
case part of the gas power plant were, for any reason, temporarily disabled. 
The maximum capacity of the gas-engine power station should not be 
restricted too much by applying an excessive arbitrary “safety factor’’ 
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in determining what portion of the total available surplus gas should be 
depended upon for power generation. The fact that the gas mixture is 
supplied by two practically independent sources constitutes in itself a 
safety factor of no little value. At times of momentary shortage of either 
ingredient the regular output of electric power would be maintained by 
admitting to the engines a mixture leaner or richer than standard. The 
possibility of using in the engines, producer gas made by one of the exist- 
ing blast furnaces operating according to Brassert’s gas-producer principle, 
as mentioned elsewhere, is an adequate safeguard against the influence of a 
curtailment of pig iron and consequently blast-furnace gas production 
brought about by a business slump. Blast-furnace producer gas has about 
the same heating value as the gas mixture and its composition by volume is 
approximately as follows : 

Blast-Furnace Producer Gas 

. 34.0 per cent. 

1.6 
. 2.9 

1.0 

B.tu 126 

The percentage of hydrogen in furnace producer gas is considerably 
smaller than in the standard gas mixture. The former gas can, therefore, 
be substituted for the mixture with impunity. The higher percentage of 
carbon monoxide in the producer gas will counterbalance the reduction in 
hydrogen to a large extent, as far as the effect upon gas-engine operation is 
concerned. It can thus be expected that the change from one gas to the 
other can be made even without important readjustments of valve and 
damper setting on the gas engines. 

Conditions could arise during a blast-furnace campaign which may 
necessitate the temporary curtailing of gas production of one or both fur- 
naces. Delays caused by casting, changing tuyeres, and minor repairs, 
requiring generally but a few minutes, are harmless for the gas-engine 
power plant if, following common practice, a gas holder of sufficient capa- 
city is installed. As far as the question of relining the blast furnaces is 
concerned, this necessity occurs but once in three or four years and 
requires from one to two months. Both blast furnaces would of cou^'se 
never be relined simultaneously, so that one furnace would always be 
available to operate as a gas producer. The quantity of gas made by 
the producer furnace is ample to generate all the power which a mixture 
of blast-furnace gas from two iron-producing blast furnaces and of the 
required amount of coke-oven gas could produce in times of normal 
business conditions. 

The proper choice of the “safety factor” of surplus gas utilization, to 
which allusion was made, is entirely a matter of local conditions and of 


CO 

COj .... 

H 

CH.. . . 



NOTES ON THE UTILIZATION OP COKE-OVEN GAS 


73 


good judgment. In the case under discussion the highest possible factor 
of safety was chosen to prove the point in question. 

Whatever the capacity of the gas-engine plant is, both gas-blowing and 
electric engines should be equipped with exhaust-heat boilers. Steam of 
any desired gauge pressure can be generated in such boilers at very small 
cost, and over 60 per cent, of the heat ordinarily rejected in the exhaust 
can be recovered. The steam can be utilized in many ways: for heating 
purposes, for operating steam turbo-generators, or for blowing gas pro- 
ducers, especially if by-product recovery gas producers are installed in 
connection with the coke-oven plant. Practical experience in a number 
of European gas-power plants shows that about 1.8 lb. of steam of 150 lb. 
gauge pressure can be raised in this manner for each brake horse power 
developed in gas engines operating at full load. This quantity increases 
to about 2 lb. per brake horse power if the gas engines operate at ap- 
proximately half load. It will be shown later that the requirements of 
about 1.6 lb. of steam per pound of coal gasified in the by-product re- 
covery gas-producer plant are fully covered by the amount of steam raised 
by exhaust-heat boilers in the gas-engine station contemplated in this 
instance. 

Before giving comparative detailed calculations to prove the financial 
advantage of using a mixture of blast-furnace and coke-oven gas instead of 
straight blast-furnace gas for power generation in a gas-engine plant, a 
few points regarding the cost of the fuels entering into this calculation 
have to be discussed. 

It is very difficult to determine the actual cost of generating blast-fur- 
nace gas and it is therefore customary to appraise this gas on the basis 
of the value in heat of an equivalent quantity of coal. In the present 
instance coal of 13,600 B.t.u. per pound costs $3 per long ton 

and 1.000,000 B.t.u. are worth ^3 500 x2 2^^ Blast-furnace 

gas from merchant furnaces having a coke consumption of about 2,400 
lb. per ton of foundry iron contains about 101 B.t.u. per cubic foot; 

1,000 cu. ft. of this gas are therefore worth ^ qqq 10 - 1.01c. 

Coke-oven gas of 550 B.t.u. appraised on the same basis is worth 
^^^^^ 7 ^X 10 = 5.5c. per 1,000 cu. ft. It was shown that the in- 

trinsic value of this gas varies according to the method of utilization. 
For high-temperature work, such as reverberatory furnaces or the like, 
the appreciation due to the higher pyrometric effect amounts to approxi- 
mately 35 per cent., so that its value for these purposes becomes 7.5c. 
per 1,000 cu. ft. and the value of 1,000,000 B.t.u. increases to 13.5c. 
This fact is of considerable importance in the matter of selection of the 
most economical bench-fuel for the coke-oven plant. A little calcula- 
tion will readily show the point in question: 
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If producer gas generated in a by-product recovery gas-producer plant 
were used for under-firing, there would be required jgg =8.5 cu. ft. of 

this gas per pound of coal, assuming that 1,160 B.t.u. are necessary to 
carbonize 1 lb, of coal, and that the by-product producer gas has a 
heating value of 135 B.t.u. per cubic foot. A coke-oven plant producing 
1,000 tons of coke per day at a yield of 75 per cent, of coke froin coal car- 
bonizes approximately 2,700,000 lb. of coal in 24 hr., requiring about 
23,000,000 cu. ft. of by-product producer gas. Assuming that one short 
ton of coal generates 125,000 cu. ft. of gas, there would have to be gasified 
185 short tons of coal per day. The cost of making this gas would be 
as follows; 

1. Charges per year: 

(a) Fixed charges at $1,600 investment in the complete plant, per ton 
of coal gasified, figuring on 6 per cent, interest, 5 per cent, amortization, 
and 1 per cent, for taxes and insurance, or a total of 12 per cent., = 

0.12X1,600X185= $35,600.00 

(b) Coal: 185x|^X3X365= 180,000.00 

It is assumed that the necessary steam for producer operation is gen- 
erated free of charge, in exhaust-heat boilers attached to the gas engines, 
so that no expenditure for steam coal has to be considered. 

(c) Conversion Cost: This includes all labor, materials, supplies, 
repairs, gas purification, acid and bags for sulphate of ammonia, etc., 
and amounts approximately to $1 per short ton of coal, or: 

185X1X365= $67,500.00 

The total charges per annum are, therefore, $283,100.00 

2. Credits; Coal containing about 1.4 per cent, of nitrogen yields 
about 70 lb. of sulphate of ammonia and 7 gal. of tar per short ton of 
coal gasified. At a market price of $60 per ton of sulphate and 2.5c. 
per gallon of tar, the net returns per annum are: 

(d) From sulphate of ammonia; 70X 185 X 365 X 0.03= 8142,000.00 

From tar: 7X185X365X0.025= 11,800.00 


The total yearly credits (without gas) are thus $163,800.00 

The net cost of by-product producer gas is, therefore: 
$283,100-$163,800= $129,300.00 

The total quantity of coal gasified per year is 185X365=67,500 tons. 


giving about 8,500,000 M cu. ft. of gas. 
The cost per 1,000 cu. ft. is therefore 


129,300.00 

8,600,000 


= approximately 1.5c. 


If this gas has a heating value of 135 B.t.u. per cubic foot, the cost of 
1,000,000 B.t.u. is i^^^^Xl.5 = ll.l.c. 
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Comparing the value of coke-oven gas with the cost of by-product pro- 
ducer gas on a B.t.u. basis, it will be seen that it is a matter of economy to 
use producer gas for bench fuel at the coke ovens, if coke-oven gas can be 
utilized to better advantage for outside purposes. This fact is particu- 
larly emphasized if coke-oven gas can be sold for domestic heating and 
lighting at a price well above the actual cost of its manufacture. 

In the following calculations use was made of the arguments discussed 
on the previous pages. The assumptions on which these calculations are 
based are stated elsewhere in the body of this paper. It should be 
explained that two alternatives were considered and investigated, namely, 
the installation of a gas-engine power plant using straight blast-furnace 
gas, and that of engines operating on a mixture of coke-oven gas and’blast- 
furnace gas in the proportion 1 to 16. A further subdivision was thought 
necessary to account for a difference of opinion which still prevails among 
foundry-iron interests whether merchant furnaces of 350 tons or 450 tons 
capacity should be built. While the author does not feel competent to 
take sides in this controversy, he wishes to point out that, according to 
H. A. Brassert, many important considerations favor the installation of 
larger furnaces: 

''Roughly, the cost of a plant of two 450-ton furnaces is §2^000,000 
complete with gas-blowing engines, modern ore-handling machinery, 
bins, etc. Two 350-ton furnaces will cost very nearly the same amount, as 
it would not be possible to save any appreciable amount of money on the 
larger items such as ore-handling machinery, gas-blowing engine equip- 
ment, etc. 

The operating cost of a 450-ton furnace is almost the same per day as 
that of a 350-ton furnace, ‘ with the exception of the materials charged, 
viz., ore, coke, and limestone, which are the same per ton but more per day. 
The cost above materials per ton, being the same per day in both cases, 
would be little more than seven-ninths of that of the smaller furnaces. 
For instance, if the cost above materials charged were $1.50 per ton for 
the smaller furnaces, it would be about $1.25 for the larger, thus saving 
25c. per ton of pig iron on 'cost above' alone. A saving should also 
be made on cost of coke per ton of iron, since a larger blast furnace can be 
operated more economically on fuel than a small furnace — at least such 
has been the experience at those plants where large furnaces of good design 
have been built with proper stock distribution. Large merchant fur- 
naces making foundry iron have run on less than 2,300 lb. of coke per ton 
of iron, if coke of good quality is used. Smaller furnaces, such as foundry- 
iron interests are in the habit of building, cannot show anywhere near such 
practice over a period of years. Radiation losses are very much smaller 
on large furnaces and operation is less sensitive and more regular, old- 
fashioned beliefs to the contrary notwithstanding. The lowest fuel 
records on special grades of iron, including ferro-silicon and ferro- 
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Calculated Values 


Item 


Unit 


2 B F , 350 tons 
each 


2 B F , 450 tons 
each 


A. Blast-Furnace Gas Used for Power Purposes 


1. Pig-iron production 

2 Do , .. 

3 Coke consumptioD 

4. Rate of B F gas production . . 

5. Heating value of B F gas 

6. Total quantity B P. gas produced 

7 Required for stoves, lost by leakage (40 
per cent total) 

g. Remainder . . . , . 

9. Gas-blowmg engine requirements. 

a Normal blast pressure 15 lb. per sq in 

10. Gas . air ratio 

Item 4 X Item 1 

11. Alrre,«.redat tuy&es 

12. Actual air required at Dybhe valves (5 

per cent added for blowing down stoves, 
leaky pipes, hot-blast valves, etc ). 

13. Vol eff. of blowng tuba at 15 lb. blast 

pressure 

14. Necessary displacement of tubs for both 

furnaces 

16- Work on adiabatic compression to 15 Ib. 
(6 BHP per 100 cu. ft , MEP« 11 5 lb ) 

16. IHP required in blowing cyls. (com- 
pression eff 95 per cent ) 

17. BHP required at gas-engine shaft 
(mech. eff of blowing tubs 95 per cent ) . 

18. IHP required in gas cyhnders (mech. 

eff. of gas eng. 80 per cent ) 

19 Type of gas-blowing engines 


20. Principal dimensions 

21. No of gas-blow eng installed .... 

22 No of gas-blow eng operating 

23 Net air piston area (15-in. rod) 

24. Net gas piston area (15-in rod) 

25. Ratio of net areas air . gas 

26. Air-tub piston displacement per revolu- 
tion 

27. Speed required for full displacement . . 

28. IHP maximum continuous rating at 

71 lb MEP 

29. BHP max. cont. rating at 71 lb. 

MEP (80 per cent mech eff.) 

30. Gaa-blowing engine requirements, 
b. Max blast press 25 lb per sq. in, 

31. (MEP adiabatic compression ** 17 lb. 
persq in) 

32. BHP reqd. at gas eng shaft 

33. IHP reqd in §as cyhnders 

34. MEP reqd in gas cyhnders 

35. Gas consumption of gas-blow’g engines: 

36. Yearly average thermal eff. referred to 
BHP and 15 lb. aver. Blast pressure in- 
cluding (0.98) gas-cleaning efficiency. . 

37. Heat consumption (16 lb. aver, blast 

pressure) 


24 hr 
Year 
Ton pig 
Ton pig 
Cu ft. 
24 hr 

700 tons 

230.000 tons 
2,400 lb 

170.000 cu ft. 
101 B t u 

120,000,000 cu ft. 

900 tons 

300.000 tons 
2,400 lb. 

170.000 cu. ft 
101 Btu. 

153,000,000 cu. ft. 

24 hr 

60,000,000 cu ft. 

63.000,000 cu. ft 

24 hr. 

70,000,000 cu ft 

90,000,000 cu. ft. 


1 39 

1 39 

Mm. 

60,000 cu ft. 

77,000 cu. ft 


Min. 

63,000 cu ft 

80,800 cu. ft. 



90 per cent. 

90 per cent. 

Min 

70,000 cu. ft. 

90,000 cu. ft. 

Hr. 

3,500 BHP. 

4,500 BHP. 

Hr. 

3,680 HP. 

4,740 HP. 

Hr. 

3,900 BHP 

6,000 BHP 

Hr. 

4,900 IHP. 

6,200 IHP. 

Each 

Single tandem 4 

Single tandem 4 


cycle double act- 

cycle double act- 


ing 

ing. 

Each eng. 

44 and 76X60 in. 

44 and 76X60 in. 


6 

6 


4 

4 

Each tub 

4,360 sq. in. 

4,360 sq in. 

Each cyl. 

1,344 sq. in 

1,344 sq. in. 


3 25 

3 25 * 

Each eng. 

300 cu ft. 

300 cu ft. 

Each eng. 

58 RPM, 

76 RPM 

Each eng. 

1,650 IHP. 

2.170 IHP. 

Each eng. 

1,320 BHP. 

1,740 BHP 


4 eng 

6,720 BHP 

7.360 BHP 

4 eng. 

7,120 IHP 

9,200 IHP 

Each eng. 

77 lb per aq. in. 

76 lb. per sq in. 



20 per cent. 

20 per cent. 

BHPH 

12,700 B t.u. 

12.700 Btu 
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8 Gas consumption (101 B t u gas) 

BHPH 

125 cu. ft 

125 cu. ft 

9. Total gas consumption (yearly average) 

Hr 

485,000 cu. ft. 

625,000 cu ft. 

0. Do 

il. Requirements of blast-furnace auxili- 
aries (pumps, air compressors for mud 
guns, bells, etc , electric light and power 
for ore unload , scale and trans cars, skip 
hoists, pig rnach,, etc , power produced in 

24 hr. 

11,700,000 cu ft 

15,000,000 cu. ft. 

gas elect engines) 

Hr. 

60,000 cu ft. 

80,000 cu ft. 

2 Gas reqd. for auxiliaries 

;3 Surplus gas available for outside pur- 

24 hr. 

1,440,000 cu. ft. 

1,920,000 cu ft. 

poses (Item 8 — Item 40 — Item 42) , . . . 

24 hr 

56,860.000 cu. ft. 

73,080,000 cu. ft. 

4 Do 

Hr. 

2,360,000 cu ft. 

3,050,000 cu ft. 

6 B t u available (101 B.t u. gas) 

i6 Theoretical max surplus elec, power 
obtainable (full load* 23 per cent therm. 

Hr. 

240,000,000 Btu. 

308,000,000 Btu 

eff ; 15,000 B.t u per kw-hr ) 

Hr. 

16,000 kw. 

20,500 kw 

:7 Do 

Ton pig 

23 kw. 

23 kw. 

:8. Unit size of gas engines installed 

Each 

TT 44 in X 60 in 83 3 RPM Max. Cent. 
Rating 2,700 kw (71 lb MEP). 
overload capacity for 2 hr. 3,000 kw. 


(79 lb. MEP) 

NB. Gas-Engine Plant Operating Jointly with Existing Steam-Turbine Stations 

:9. “Factor of Safety” acct shorter periods 
of gas deficiency occasioned by casting, 
checking, changing tuydrcs and smaller 


repairs on equipment 

►0 Practical max. surplus electric power 


85 per cent. 

SO per cent. 

obtainable 

Hr. 

13,600 kw 

16,500 kw. 

►1. Do (approx) 

Ton pig 

19 kw. 

IS kw- 

>2, No of units in operation . 


5 

6 

i3 No. of spare units (for internal service) 



1 

1 

>4 Total number of units installed . 


6 

7 

>5. Max. cont i;ating all units 

Hr. 

"16,000 kw. 

19,000 kw. 

>6. Max cont. rating operating units 

>7. Steam of 150 lb. gauge pressure re- 
covered by exhaust -heat boilers at 70 per 
cent to 80 per cent average load 1.85 
lb. per BHPH « 2 65 lb. per kw-hr, 

>8. Do. from gas-blowing engines Item 

Hr. 

13,600 kw. 

16,000 kw- 

17X1 85 (approx.) 

)9. Do from gas electric engines. 0 86X 

Hr. 

7.000 lb. 

9,000 lb 

Item 66X2 65 (approx.) 

Hr. 

30,000 lb. 

36,000 lb. 

10. Total average steam available 

11. Average possible output turbo gen- 

Hr. 

37,000 lb. 

46,000 lb. 

erators at 15.5 lb. per kw-hr 

12. No. and rating (60® C. temperature 
rise) possible turbo generators of about 

Hr. 

2,400 kw. 

2,900 kw. 

20 per cent, overload capacity 

13. Per cent, steam capacity: gas capacity. 


1-2,000 kw. 

1-2,600 kw. 

Item 61 : Item 56 

14. Possible max. cont. rating power 
plant (gas and steam) all units. Item 


IS per cent. 

18 per cent. 

55 plus Item 62 

Hr. 

18,000 kw. 

21,500 kw. 

15. Do. (approximately) 

16. Kw-hr. produced in gas elec, station. 

Ton pig. 

25 kw. 

24 kw. 

Item 56XS,760Xltem 67 

17, Use factor of power plant. 

Item 66 ' 

Year 

100,000,000 kw-hr. 

120,000,000 kw-hr, 

Item 56 X 8,760 

Yearly 

85 per cent 

86 per cent 



78 


NOTES ON THE UTILIZATION OF COKE-OVEN GAS 


OS. Gas consumption of gas electric 
engines Thermal eff 21 5 per cent 
16,000 Btu —IfiS cu ft per k\v-hr 15S 
X Item 60 

Year. 

15,800X106 cu ft 

19,000X10® cu. ft 

69 Aver, gas consumption gas electric 
engines (1 j-r =*365 days) 

24 hr. 

43,000,000 cu ft. 

52,000,000 cu ft. 

70. Actual gas surplus available for power 
purposes Item 43 

24 hr. 

56,860,000 cu. ft 

73,080,000 cu. ft. 

71. Aver, utilization factor of power gas 
Item G9 • Item 70 . ... 



. . 76 per cent. 

71 per cent 

J5. Mixture of Blast-Furnace and 

Coke-Oven Gas Used for all Power Purposes 

(Items 1 to 37 inclusive apply equally on this alternative) 

1 cu ft. of coke-oven gas of 500 Btu. per cu ft. plus 15 cu ft. of blast-furnace gas of 101 Btu. per 

cu ft = 16 cu ft of mixture of 125 Btu per cu ft. 

72 Gas consumption of gas-blowing 

12,700 Btu 

eninnes. - = . . . . . BilJrJl 

102 cu ft 

102 cu ft. 

125Btu/cu ft 

73, Total gas consumed (yearly av.) by 
gas-blowing engines. . 

Hr. 

400,000 cu. ft 

510,000 cu. ft. 

74. Do 

24 hr. 

9,600,000 cu. ft. 

12,200,000 cu. ft. 

75 Requirements of blast-furnace auxil- 
iaries (See Item 41.) . . 

Hr 

48,500 cu. ft. 

65,000 cu. ft. 

76. Gas mixture reqd. for blast-furnace 
aurihanes. . 

24 hr. 

1,170,000 cu. ft. 

1,560,000 cu ft. 

77. Blast-furnace gas remainder (Item 8) . 

24 hr. 

70,000,000 cu. ft. 

90,000,000 ou. ft. 

78. Coke-oven gas added for 1 • 15 mixture. 

24 hr. 

4,660,000 cu. ft 

6,000,000 cu. ft. 

79. Total gas mixture supply 

24 hr. 

74,650,000 ou ft. 

96,000,000 cu ft 

SO. Surplus gas available for electric power. 
Items 79-74-76 

24 hr. 

63,880,000 cu. ft 

82,240,000 cu. ft 

81. Do. (yearly average) 

Hr. 

2,660,000 cu. ft. 

3,425,000 cu. ft. 

82, Btu available (125 Btu gas mixture) 

Hr. 

330,000,000 B t.u. 

430.000,000 Btu. 

83. Theoretical max. surplus electric power 
obtainable (full load; 23 per cent ther- 
mal eff.; 15,000 Btu per kw-hr ) 

Hr. 

22,000 kw. 

28,600 kw. 

84, Do. (approximately) ... 

Ton pig. 

31 kw. 

32 kw. 

85. Unit size of gas engines installed. (See 
Item 48.) 

Each 

TT 44 in. X 60 m. 83 3 

RPM,, Max cont. 



rating 2,700 kw. (711b. MEP). Over- 
load capacity for 2 hr. 3,000 kw, (79 


lb. MEP). 

NB, Gas-Bngvne Plant Operating Jointly with Existing" Steam-Turbine Stations 
86. “Factor of Safety’' (for definition see 


Item 49) 


86 per cent. 

85 per cent. 

87. Practical max. surplus electric pow’er 
obtainable 

Hr. 

19,000 kw 

24,300 kw. 

88 Pract. max. surplus elect, power ob- 
tainable (approx ) 

Ton pig 

27 kw. 

27 kw 

89 No of units in operation. . . . . , 


7 

9 

90. No. of spare umts (for internal service). . 


1 

1 

91. Total No units installed 


S 

10 

92. Max. cont rating all units. ... 

Hr. 

21,600 kw. 

27,000 kw. 

93 Do. operating umts 

Hr. 

19,000 kw 

24,300 kw. 

94 Steam of 150 lb. gauge pressure recov- 
ered by exhaust-heat boilers: at 70 per 
cent, to SO per cent, average load 1,851b 
per BHPH = 2.65 lb. per kw-hr 

95. Do. from gas-blowing engines. Item 17 

X 1 85 (approx.) 

Hr. 

7,000 lb. 

9,000 lb. 

96 Do. from gas electric engines. 0.85 X 
Item 93X2.65 (approx) 

Hr. 

43,000 lb 

66,000 lb. 

97, Total aver, steam available 

Hr. 

50,000 lb. 

64.000 lb. 
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98. Aver, possible output turbo generators 

at 15 5 lb. per kw-hr 

99. No. and rating (50*^ C. temperature 
rise) possible turbo generators of about 
20 per cent, overload capacity 

100. Per cent, steam capacity, gas capacity. 
Item 98 Item 93 ... . 

101. Possible max. cont. rating power 
plant (gas and steam) all units, Item 
92 plus Item 99 (approx.). 

102. Do. (approximately). . 

103. Kw-hr. produced in gas electric station. 

Item 93 X 8, 760 X Item 104 

104. Use factor of power plant 

Item 103 

Item 93X8,760 

105. Gas consumption of gas electric en- 

gines Thermal eff. 21.5 per cent.; 16,000 
B t u => 128 cu ft per kw.-hr 128 X 
Item 103 

106. Aver, gas consumption gas electric en- 
gines (lyr. = 366 days) 

107. Actual gas surplus available for power 

purposes. Item 80 . . 

108. Average utilization factor of power gas. 

Item 106 : item 107 . . ... 


Hr 3,200 kw. 

*. 1-2,500 kw. 

. . 17 per cent. 

Hr. 24,000 kw. 

Ton pig 34 kw. 

Year 140,000,000 kw. 

Yearly 85 per cent. 

Year 18.000X108 cu ft. 

24 hr. 49,500,000 cu ft. 

24 hr. 63,880,000 cu. ft 

77 per cent. 


Coke-Oven Plant 


109. Coke reauired per day for blast furnaces. 

Item IX Item 3 

110. Do 

Ill Coal required at 75 per cent, yield 

Item 110 

0 75 

112. Do. with allowance of 6 per cent, coal 

for coke breeze 

113. Number of 13i ton ovens 18 hr. coking 

Item 112X18 

13.25X24 “ 

114. Total coke-oven gas produced (§11,000 

cu ft. per short ton of coal 

115. Coke-oven gas not required for power 

purposes (account utilization factor. 
Item 108) and therefore available for 
sale: -xVXdtem 107 — Item 106) yearly 
aver, approximately 

116 Grand total coke-oven gas available 
for sale: Item 114 — Item 78 plus Item 
aver. 115 

117. Percentage of total coke-oven gas used 
for power purposes; 

Item 78 — Item 115^^,_^ 

X 100 appro* 

118. Percentage of total coke-oven gas used 

for sale for domestic heating and lighting. 
Item 116 


1,680,000 lb. 
840 short T. 

1,120 short T. 

1,230 short T. 


13,500,000 cu. ft. 


900,000 cu ft. 


9,750,000 cu. ft. 


28 per cent. 


72 per cent. 


Cost of Producing Coke-Oven Oaa 


119. Total investment in coking plant .... 

120. Fixed charges* 6 per cent, interest plus 5 
per cent, amortization plus 1 per cent. 

' insurance and taxes — 12 per cent,, 
Item 119X0.12. 


81,700,000 


4,100 kw. 

1-3,600 kw. 

17 per cent. 

30,500 kw. 

34 kw. 

180.000. 000 kw. 

85 per cent. 

23.000X108 cu. ft. 

63.000. 000 cu. ft. 

82.240.000 cu. ft. 
77 per cent. 

2.160.000 lb 
1,080 short T. 

1,440 short T. 

1,570 short T. 

89 

17.250.000 ou ft 

1.200.000 ou ft. 

12.450.000 cu. ft. 

28 per cent. 

72 per cent. 

82,000,000 

$660.00 
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121. Coking coal @ $3 00 per long ton=a 
$2 67 per short ton. Item X 12X2 67 . 

122. Conversion cost including all labor, ma- 

terial, repairs, acid, lime, bags for sul- 
phate, etc 

Item 112 X Item 122 

123. Do. -5- 

124; Cost of by-product producer gas for 
heating coke ovens. (Seep 74) approxi- 
mately 

125. Cost of sulphur purification of coke-oven 
gas ® $0,006 per M cu. ft. 

Item 1 14 X0 006 

1,000 

126. Total charges 

127. Credit for sulphate of ammonia @ 22 
lb. per ton of coal ® $60 per ton of sul- 

Item 112X22X60 

phate. — ^0 

128. Credit for tar @ 6 gal. per ton ® 2J c, 

per gal. Item 1 12 X 6 X 0.025 

129. Value of coke as charged to blast fur- 

naces ® $4,26 per short ton. Item 110 
X4.26 


130 Total credits 

131. Net cost of total coke-oven gas. Item 

130— Item 

132. Net cost of total coke-oven gas dehvered 

Item 131X100X1,000 
into holder. .... 

133. Selling price of coke-oven gas at gas 

holder (assumed) 

134. Net profit from sale of gas. Item 134 — 

Item 133 

Item 1 16 X Item 134 

135. Bo, — — — — approx. .. 

i<jo. 1 ^ 0 . 1,000X100 

136. Bo. Item 135X365 approx 


24 hr. 

$3,280.00 

$4,190.00 

Sh?brt T. coal 

750. 

72o. 

24 hr. 

$920 00 

$1,130.00 

24 hr. 

$330.00 

$420 00 

24 hr. 

$80 00 

$100.00 

24 hr. 

$5,170 00 

$6,600.00 

24 hr. 

$810.00 

$1,040.00 

24 hr. 

$190.00 

$230 00 

24 hr. 

$3,570.00 

$5,490.00 

24 hr. 

$4,670 00 

$6,860.00 

24 hr. 

$600.00 

$640.00 

M. cu. ft. 

4.4c. 

3.7o. 

M. ou, ft. 

12.0c. 

12 Oo, 

M. ou. ft. 

7.60. 

8 3c. 

24 hr. 

$680.00 

$1,000,00 

Year 

$250,000.00 

$365,000.00 


Cost of Blowing Blast Furnaces 


137. Total quantity of air blown (displace- 
ment of blowing tubs). Item 14X60 

X 5760 Year 36,800 X 10« cu. ft. 

138. Cost of installation of gas-blowing en- 
gine equipment complete (including one 

^ ^ r\t\ rrw 


steam turbo blower) approx $650,i000.00 100 % 

139. Subdivided into: Buildings $80,000,00 12% 

140^ Engine equipment. ... $530,000.00 82 % 

141, Gas-clean, plant $40,000.00 6 % 


142. Cost of installation on displ. basis (oper- 
ating engines only). Item 138: Item 14. Cu. ft. displ. $9.30 
143 Do. on BHP basis (all installed engines 
at maximum continuous rating). 

Item 138 BHP inst. $98.50 


47,300X10“ cu. ft. 

$650,000.00 

$80,000.00 
$530,000.00 
$40,000 00 

$7,20 

$76.00 


6 X Item 29 

144. Fixed charges; 6 per cent, interest plus 

7 per cent, amortization plus 2 per cent, 

insurance and taxes ="16 per cent. 
Item 138X0.15 


145. Bo. on displacement ba^. 


Item 144X10“ 
Item 137 


Year $97,600.00 
Mill. cu. ft, $2.65 
dispL 


$97,600.00 

$2.05 
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146. Operating expenses mcl gas purification, 
all labor, repairs and maintenance, lubn- 



cants, water and miscellanous 

Year 

$40,000 00 

$42,500 00 

147. 

Do on displacement basis 

Item 146X10fl 

Mill cu ft. 

$1 09 


$0 90 


Item 137 

displ. 




148. 

Value of blast-furnace gas @ lOo per 






1,000 X Item 5 






mill. B t u. (see p 73) - — X 10. 

M. cu ft. 

1 Olo. 


1 01c. 


1,000,000 



149 

Cost of coke-oven gas (see Item 132) .... 

M. cu. ft. 

4.40c. 


3.70c. 

150. Value of 1T5 mixture of coke-oven gas 






and blast-furnace gas 

M cu ft. 

1 22c. 


1 18c. 

161. 

Cost of fuel (blast-furnace gas only used) 






Item 40X365 ^ 






. Xltem 148 

1,000 

Year 

$43,000 00 

$55,000 00 

152 

Do. on displacement basis. 

Item 151X108 

Mill cu. ft. 

$1 16 


$1.16 


Item 137 

displ. 


153. 

Cost of fuel (gas mixture used). 





Item 74X366 






1,000 

Year 

$42,800 00 

$52,000 00 

154. 

Do. on displacement basis. 






Item 153X108 

Mill, cu ft. $1 16 


$1 11 


Item 137 

displ. 




156. 

Grand total cost of blowing blast fur- 
naces (blast-furnace gas only used). 






Item 144 plus Item 146 plus Item 151 . . 

Year 

$180,500 00 

$195,000.00 

166. 

Do on displacement basis. Item 146 
plus Item 147 plus Item 152 

Mill. cu. ft. 

$4 90 


$4 11 



displ. 




167. 

Grand total cost of blowing blast fur- 
naces (gas mixture used). Item 144 plus 






Item 146 plus Item 153 

Year 

$180,300.00 

$192,500.00 

168. 

Do. on displacement basis. Item 146 
plus Item 147 plus Item 154 

Mill cu. ft. 

$4 90 


$4.06 



displ. 




169. 

Recapitulation; Cost of Blowing Blast Furnaces. 





(A) Blast-furnace gas only used* 

Yearly 

Per MiU 
cu. ft. displ. 

Yearly 

Per Mill 
cu. ft. displ, 


Fixed charges 

$97,600 00 

$2.65 

$97,500.00 

$2 05 


Operating expenses 

40,000 00 

1 09 

42,500.00 

0 90 


Cost of fuel 

43,000 00 

1 16 

55,000.00 

1.16 


Total 

$180,600.00 

$4.90 

$195,000.00 

$4.11 


(B) Gas mixture used: 

Fixed charges 

$97,500 00 

$2.65 

$97,500.00 

$2.05 


Operating expenses 

40,000.00 

1.09 

42,600.00 

0.90 


Cost of fuel - 

42,800.00 

1.16 

52,600 00 

1.11 


Total 

$180,300 00 

$4.90 

$192,600.00 

$4.06 


Cost of PTodu€n>ng Electric Power 

(Gas-Engine Plant Operating jointly with existing Steam-Turbine Stations) 

A. Blast-Fumace Gas only used for Power Purposes. 

160. Power plant capacity installed (see 

Item 56) Hr. 16.000 kw. 19,000 kw, 

161. Kw-hr. produced (see Item 66) Yr. 100,000,000 kw-hr. 120,000,000 kw-hr. 

162. Cost of installation of gas-engine power 

plant complete. 51,450,000.00 100% $1,676,000.00 

163. Subdivided into: Buildings $160,000 00 11% $185,000.00 

164. Engine equip 1,180,000.00 82% 1,370,000.00 

166. Oas-dlean. plant ,,,,, 110,000.00 7% 120^000.00 


VOL. L. — 6 
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166. Cost of installation on kw basis. Item 

102 • Item 160 

167. Fixed charges 6 per cent interest plus 7 
per cent* amortization plus 2 per cent in- 
surance and taxes — 15 per cent. Item 

162X0 15 

, , , Item 167X100 

168 Do on kvr-hr basis. ~ . - 

169. Operating expenses incl gas purifica- 
tion, all labor, repairs and maintenance, 
lubricants, ^ater, and miscellaneous. 

Item 169X100 

170. Do. on kw-hr. basis. " 'Tri 

Item 68 X Item 148 

171 Cost of fuel 1,000X100 • ‘ ‘ 

172 Do. on kw-lir basis . ... 

173 Grand total cost of electric power. Item 
* 167 plus Item 169 plus Item 171 . . 

174. Do. on kw-hr basis. Item 168 plus 
Item 170 plus Item 172 


Year 

Kw-hr. 


$218,000 00 
0.218c. 

$ 122,000 00 
0 1220 . 

$160,000.00 

0.160c. 

$500,000 00 

0.500c. 


$250,000.00 

0.20'8c, 

$135,000.00 

0.112c, 

$192,000.00 

0.160c. 

$577,000 00 

0.480c. 


B 1 16 Gas Mixture of Coke-Oven and Blast-Furnace Qas used for Power Purposes 


175 Power-plant capacity installed (see 

Item 92) . . •• 

176 Kw-hr produced (see Item 103) . . 

177. Cost of installation of gas-engine power 
plant complete ... 

178. Subdivided into* Buildings 

179. Engine eqmp ...» 

ISO. Gas-clean plant 

181 Cost of installation on kw. basis: Item 

177. Item 175 ^ 

182 Fixed charges 6 per cent, interest plus 
7 per cent, amortization plus 2 per cent, 
insurance and taxes = 16 per eont. 


21,600 kw. 

140,000,000 kw-hr. 


27,000 kw. 
180,000,000 kw-hr. 


$1,850,000.00 100% $2,200,000.00 


$200,000.00 
1,620,000.00 
130,000 00 


11% $240,000.00 

82% 1,800,000 00 

7% 160,000 00 


$330,000 00 


183 

, . , . Item 182X100 

Do. on kw-hr basis 1^5176 "• 

Kw-hr. 

0.200c. 

0.184O. 

184 

Operating expenses incl. gas purifica- 
tion, all labor, repairs and maintenance, 
lubricants, water and miscellaneous 

Year 

$147,000 00 

$180,000.00 

185. 

, , , . Item 184X100 

Do on kw-hr. basis. ^yg— . 

Kw-hr. 

0.105c. 

0.100c. 

186 

^ ^ , Item 105 X Item 150 

Cost of fuel. 1,000X100 

Year 

$220,000.00 

$272,000 00 

187. 

^ Item 186X100 

Do. on kw-hr basis. ifg 

Kw-hr. 

0.157c, 

0.160c. 

188 

Grand total cost of electric power. 
Item 1S2 plus Item 184 plus Item 186. . . 

Year 

$645,000.00 

$782,000 00 

189. 

Do. on kw-hr. basis Item 183 plus 
Item 186 plus Item 187 

Year 

0.462c. 

0.434O. 


190 Becapiiulation: Cost of Producing Electric Power. 
(A) Blast-furnace gas only used: 

Power-plant capacity 

Kw-hr produced per year 


Fixed charges. .. 
Operating expenses 
Cost of fuel 


16,000 kw. 

100,000,000 kw-hr. 

Per 


19,000 kw. 
120,000,000 kw-hr. 

Yearly -ft*'. 


Kw-hr Kw-hr. 

$218,000 00 0. 2180. $250,000 00 0.208o. 

122.000 00 0.122c. 136,000.00 0.112o, 

160.000 00 0,160c. 192,000.00 O.I6O0. 


(B) Gas mixture used: 

Power-plant capacity 

Kw-hr. produced per year . 


$500,000.00 O.5OO0. $677,000.00 0.480c. 


21,600 kw, 

140,000,000 kw-hr. 


27,000 kw. 

180,000,000 kw-hr. 
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Kw-hr. 

„ , Per 

Kw-hr 

Fixed charges 



$278,000 00 0 200o 

$330,000 00 0 184c 

Operating expenses . 


147,000 00 0.105c. 

180,000 00 0.100c 

Cost of fuel .... 


220,000 00 0.157c. 

272,000.00 0.150c. 

Total. . 


$645,000 00 0.462c 

$782,000 00 0.434c. 

Over-all cost of electric power adding 
to unit costs Items 174 and 189, respect- 
ively distribution cost of 0 4c per kw-hr. 
associated with transformation, trans- 
mission, sub-stations, etc Alternative 

A (blast-fee gas onlyl 

Kw-hr. 

0.900c. 

0 880c. 

Alternative B (gas mixture) ... . 

Profit derived from sale of electric power 

Kw-hr. 

0 862c. 

0.834c. 

at selling price of 1 2c per kw-hr 
Alternative A (blast-furnace gas only) 

Kw-hr. 

0 300c. 

0.320c. 

Alternative B (gas mixture) , . . 

Do Alternative A (blast-furnace gas 

Kw-hr 

0.33SC. 

0.366c. 

, ^ Item 66 X Item 192-A 
only). approx. . 

Year 

$300,000 00 

$385,000 00 

Do. Alternative B (gas mixture) 




Item 103 X Item 192-B 

100 “ " ' approx 

Year 

$475,000.00 

$660,000 00 

Recapitulation: Profits derived from 
utilization of gases. 

(A) blast furnace gas only used for 
power purposes. 

Profit from sale of total coke-oven gas. 




Item 114X Item 134X365 

1,000 

Year 

$375,000.00 

$525,000 00 

Profit from sale of electric power. 

Item 193-A 

Year 

300,000 00 

385,000.00 

Grand total profit. . 


$675,000 00 

$910,000.00 

(B) 1:15 coke-oven and blast-furnace 
gas mixture used for all power pur- 
poses. 

Profit from sale of coke-oven gas. 

Item 136 

Year 

$250,000 00 

$365,000.00 

Profit from sale of electric power 

Item 193-B 

Year 

475,000 00 

660,000.00 

Grand total profit 

Year 

$725,000 00 

$1,025,000.00 


Saving of Alternative B over Alter- 
native A Year *60,000 00 *115,000 00 


Conclusions 

The foregoing calculations show that the installation of 450-ton blast 
furnaces offers distinct advantages over that of furnaces of 350 tons 
capacity. 

It is found that the cost of blowing the larger blast furnaces is less 
per blast unit and, therefore, Jess per ton of pig iron produced than that 
of smaller furnaces and, furthermore, that the unit cost of producing 
electric power from the available surplus gas is considerably lower. 

It is further shown that the unit cost of making coke-oven gas in a 
larger coking plant is a great deal less, and that the total revenues from 
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the utilization of blast-furnace and coke-oven gases are considerably 
greater with larger than with smaller blast furnaces. 

The use of a mixture of blast-furnace and coke-oven gas for all power 
purposes is shown to jdeld substantial financial returns. 

The cost of blowing the blast furnaces using a gas mixture for oper- 
ating gas-blowing engines is exactly the same in the case of smaller blast 
furnaces, and, wnth larger furnaces, it is somewhat lower than when using 
straight blast-furnace gas for this purpose. 

According to these calculations, the general use of such a gas mixture 
for power purposes results in a very handsome annual saving, especially 
when larger blast furnaces and a correspondingly larger coking plant are 
installed. 


Discussion 

Richard Lamb, New York, N. Y. — ^It is a fact that in Europe, espe- 
cially in Germany, they have perfected the internal-combustion engines 
designed to use by-product coke-oven gas, and it is not uncommon to 
find as high as 5,000-h.p. units at work very successfully. In fact, I 
think the breakdowns and stops for repairs on these large engines in 
Germany are remarkably few. I have heard of a large engine running 
for a whole year without a shutdown for repairs. 

In Germany they have had by-product coke-oven plants longer than 
we have had them here. In this country they have been installed mostly 
for use by steel plants, and possibly in three or four cases they have been 
built in connection with already established gas plants. These two 
kinds of by-product plants are radically different. One seeks to make 
coke and the other seeks to make gas as its principal product. If you 
try to establish a plant to furnish both gas and coke, it is a difficult matter 
to get suitable coal. A coal of about 28 to 30 per cent, volatile matter 
is about what is required; then you will get gas in quantity that will not 
make a soft coke, and the coke will be of a texture that can be sold to be 
used in place of anthracite coal. Where gas companies have established 
plants, the main object being to secure a large quantity of gas, they use 
a coal which makes soft coke. On the other hand, the steel companies 
are after a hard coke, and the gas production is but a small consideration 
and up to the present time as a rule is allowed to go to waste. The 
waste of gas at the steel manufacturing plants has been immense. 

I was told that no one of the steel companies is using coke-oven gas 
for metallurgical purposes. However, I hear that the Krupp works in 
Germany is using the pure coke-oven gas in its open-hearth furnaces. 
I am told that, with a slight mixture of the blast-furnace gas with coke- 
oven gas, the Old Dominion Co. of Nova Scotia is using it very success- 
fully in its open-hearth furnaces. The difficulty in using the coke-oven 
gas is due to the excessive heat it generates. Steel furnaces designed to 
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use blast-furnace gas are not built to withstand the extra heat of the coke- 
oven gas, but there is no reason why furnaces cannot be designed to 
withstand this extra heat. By-product coke-oven gas has about 500 
B.t.u. per cubic foot, while the blast-furnace gas has about 90 or 91 B.t.u. 
per cubic foot. 

I have noted that in attempts in this country to use this gas for 
engines the failures have been largely due to not providing sufficient Cool- 
ing capacity. As far as I have been able to learn, the only engines in 
this country that have been built to use coke-oven gas are the two at 
Lebanon, Pa., and they did not meet the guarantee. The Nuremburg 
gas engine of Germany uses 8,700 B.t.u. per cubic foot of gas in producing 
1 b.h.p. at full capacity load and about 9,300 B.t.u. for half load. In 
this country the open-hearth engines in Lebanon produced 1 b.h.p. with 
11,000 B.t.u. per cubic foot and one-half horse-power with 14,000 B.t.u. 
per cubic foot. I do not recall now what their guarantee was, but the 
results were not acceptable, although the engine continued in operation. 
They have had trouble with the heating. Unless the United States 
Steel Corporation has put in a plant at Gary, which it intended to do, I 
do not think there are any other plants using strictly coke-oven gas in 
this country. I found, however, that the Westinghouse, the Snow, and 
the Allis-Chalmers companies are willing to make engines of large capac- 
ity and guarantee them at 10,000 B.t.u. per cubic foot per brake horse- 
power. You can buy engines on a guarantee of not to exceed 8,700 B.t.u. 
per cubic foot per brake horse power on full load, from the Nuremburg 
works of Germany. The Snow engine, I believe, could be made to show 
an efficiency of 8,700 B.t.u. per brake horse power on full load. 

In establishing a by-product coke-oven plant to be operated inde- 
pendently of going steel or gas works, the question of what to do with 
the gas becomes a very serious one. If sold to gas companies you can 
get about 10c. per 1,000 cu. ft. for it, provided you will rectify it and bring 
it up to 18 to 21 candle power. The rectifying costs about 0.1c. per 1,000 
cu. ft. ; in other words, it brings the price for the gas down to about 9.9c. 
per 1,000 cu. ft., and a penalty is imposed if the quality of the gas goes 
slightly below the standard. 

There are some very great advantages in selling the gas, independ- 
ently of gas engines. You can transmit gas over long distances at very 
small cost, and you can sometimes get a market for it for fuel purposes, 
without rectifying it; and the requirement for the B.t.u. value will not be 
so great as if sold for illuminating purposes. Gas companies call for not 
less than 500 B.t.u., and demand a material penalty for going below that 
amount. It requires considerable operating care in a by-product coke- 
oven plant to keep the gas up to the standard, and great care in the pur- 
chase of the proper kind of coal is necessary in order to get satisfactory 
results. You should have coal with not less than 13,000 B.t.u. in order to 
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get 500 B.t.u. in the gas. In negotia-ting with a very large concern, that 
could take a large amount of gas, several million feet per day, I studied 
with their engineers the relative value of gas and coal for fuel purposes. 
With coal of about 13,000 B.t.u. costing $1.75 per ton, if I remember cor- 
rectly, they figured that to make it advantageous to them, so as to justify 
their abandoning the coal and using the gas, the only contract that they 
could afford to make would be 7c. per 1,000 cu. ft. In computing the sav- 
ing, the cost of handling ashes was not considered. I am convinced that 
at no distant date there will be many plants installed in this country to 
generate electricity with engines operated with coke-oven gas. Coal now 
known as coking coal— viz., that suitable for use in beehive ovens— is 
not necessary in making coke in by-product plants. The fine or pulver- 
ized coal, which is the cheapest, is needed in the latter ovens, and mix- 
tures of different coals produce satisfactory results where neither by 
itself would be suitable. Ten per cent, more coke can be made out of a 
given quantity of coal with a by-product coke-oven than with the bee- 
hive oven. In the production of electricity there is a very great advan- 
tage in having a gas-storage tank. As soon as the service is cut off, the 
gas engine can be stopped and the tank stores the gas not used. In this 
particular it is like a water-power plant with a water-storage dam. In 
computing the total cost of the plant to generate electricity, I found 
that it compared very favorably with water power. At the same time 
that I was designing the coke plant, I was also designing a hydro-electric 
plant to generate 39,000 h.p. The cost, including amortization charges 
and interest on the plant and all costs, was 3.1c. pel* kilowatt-hour for 
water power and 3.2c. per kilowatt-hour for the gas, and the plant is for 
New York City. 

I figured the power factor pretty high in the case of the gas plant, 
as we had to make only about 700 tons of coke per day, which gives us 
about 6,000 h.p. I figured' on the basis of 70 per cent, power factor, 
because we were in a place where we could get considerable night service 
and some 20-hr. service, but that shows there is quite a conformity in the 
cost between hydro-electric power and coke-oven generated electricity. 
It also shows that with coal at $3.98 you can generate electricity for about 
the same cost as you can at a water-power plant, and that right in the 
very heart of large markets, where the transmission lines would be very 
short. For some time in Germany they have been making electricity 
at the mines and distributing it for 100 miles or more, and some of the 
companies engaged in this work have paid handsome dividends. In 
this country there are no plants making electricity from coke-oven gas, 
and there are billions of feet of gas going into the air, as dead waste, 
every day. In investigating the plant of the U. S. Steel Corporation, 
I mentioned that fact to my clients, and they tried to buy the wasted 
power. I understand that the company at once undertook to look into 



NOTES ON THE UTILIZATION OP COKE-OVEN GAS 


87 


the matter, and they are going to generate electricity and distribute 
it, if they have not already begun to do so. In Alabama, at Birming- 
ham, there are millions of cubic feet of gas per day going to waste from 
the by-product coke-oven plants, but as it happens there is a surplus of 
power at that point. There are two big hydro-electric companies being 
built, the works of one being finished and the works of another well 
under way, and there is still another which may bring its power from 
Tennessee into the Birmingham district, and right there is all the coal 
they can use for centuries to come. Nevertheless it is a shame that 
this gas is being wasted. It is claimed that there are about 400,000 
h.p. now generated with coal within a distance of 100 miles of Birming- 
ham. The cheap power generated from gas and water now going to 
waste will ultimately supplant the present coal-generated power, and we 
can look for similar results from less-favored districts of the country. 

A. E. Maccoun, Braddock, Pa. — ^I wish to ask Mr. Freyn whether 
he has any figures on the cost of operating a blast furnace as a gas 
producer. I think this data would be interesting, considering the differ- 
ential between the value of coal and coke, and also I would ask whether 
it is a paying proposition to run a blast furnace as a gas producer. 

Heinrich J. Freyn. — I am sorry I cannbt give Mr. Maccoun any 
figures. Even if I had any, I could not give them, but I have none. 
I^understand, however, that the cost of making blast-furnace gas com- 
pares very favorably with the cost of making producer gas; in other 
words, it is found at the gas plant that the use of producer gas made in 
one of the plants at the gas furnaces is distinctly a financially advanta- 
geous proposition, and ^this is very interesting from another angle. 
If you consider that the steel plant at Gary is dependent entirely on the 
use of gas power, and in view of the fact that a number of blast furnaces 
had to be blown out for well-known reasons, and that in addition the 
power plants had a little electric power to supply to industries in the 
vicinity, you can realize how important it is for the plant at Gary to 
have a solution of this problem. In spite of the fact that gas furnaces 
may be blown out in producing pig iron and steel, yet one of these 
furnaces using cheap coal can produce sufiicient gas of such a quality 
that the power plant can be kept in operation just the same. 

Richard Lamb. — ^An internal gas engine, as compared with the 
turbine steam engine, has a greater efficiency by 30 per cent.; in other 
words, an internal gas engine has 30 per cent, greater efficiency than the 
turbine. 

J. E. Johnson, Jr., New York, N. Y. — ^Do I understand you run the 
furnace as a slagging gas producer, and charge it with bad coke, bitumi- 
nous coal, and other cats and dogs? 
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Heinrich J. Freyn. — In South Chicago, where open-hearth slag 
was used, the flux necessarily resulted in a certain amount of iron, 60 
or 70 tons per day, from a 500-ton blast-furnace. I understand that the 
pig iron so produced contains a great deal of manganese, and the credit 
for this particular iron has kept the cost of gas down. 

J. E. Johnson, Jr.— The statement that one of these plants can 
compete with water power is, unfortunately, I am afraid, not correct. 
There are a good many chemical industries that require a great deal of 
power, and it seems as though it was the easiest thing in the world to 
hitch on to the blast furnace to get power and make a secondary profit 
from the waste gas, but one of these processes, which I happen to know 
about, figures that it must have power at $14 or better, in order to live. 
Very extensive figures have been published by Mr. Freyn, Mr. Bacon, 
Mr. Diehl and others, in connection with the development of gas power 
by blast furnaces, and these show that the actual cost of labor, main- 
tenance, interest charges, and depreciation, etc., the absolute rock bottom 
charges, without any allowance for the value of the fuel at all, figure 
about 0.3c. per horsepower-hour, and if you take 8,000 hr. to the year, 
that figures at about $24, which is prohibitive. 

Heinrich J. Freyn. — It should be in kilowatt-hours. 

J. E. Johnson, Jr. — T hat would reduce it below $20, but with a 
reasonable allowance for fuel it is still far beyond the price which many 
electro-chemical indu^ries must have in order to live. 

Richard Moldbnke, Watchung, N. J. — In November last I saw 
in Germany the operation of the latest type of ‘^slagging producer 
made by Mr. Servais, and was much interested in noting the recovery 
of considerable quantities of ferro-silicon with the slag as it was tapped 
periodically. This material was the result of a reduction of the iron con- 
tent in the ash of the coke breeze used, as well as from a considerable 
percentage of flue dust added to the fuel' charges. The ferro-silicon 
ran about 12 per cent, in silicon, and should form a nice by-product to 
help bear the cost of gas production. 

J, W. Richards, So. Bethlehem, Pa. — There were some papers read 
at a recent joint meeting of the American Institute of Electrical Engineers, 
the American Society of Mechanical Engineers, and the American Elec- 
trochemical Society, showing that power was being generated in the 
vicinity of New York City at 0.4c. per kilowatt-hour, in the large copper 
refineries, this being the total inclusive cost of the power. 

Heinrich J. Freyn. — That is easy, without overhead charges, 
depreciation and interest. 

J. W. Richards. — I understand that all that was included. 
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Edward T. Child. — I ask whether Mr. Freyn’s contention would 
not operate more against the gas engine than against the turbine plant 
or steana plant? Is not the overhead greater in the case of the blast- 
furnace plant? 

Heinrich J. Freyn. — Yes, a little. 

Edward T. Child. — Mr. Lamb's proposition was based on the 
engine itself without reference to the overhead. In the last plant I 
went through they had four large gas engines and five turbines. All 
the turbines were running, one-half of one engine was running, and the 
other three and one-half sets were out of service on that particular 
day. 

J. W. Richards. — I would ask Mr. Freyn whether this statement 
I find in his paper is quite correct: “Coke-oven gas used for power 
purposes, or as fuel in a steel plant, does not require any illuminating 
properties." I have had the impression that the illuminating property 
of gas was a very valuable property, increasing the radiation of heat from 
the gas, while it was being burned in the open-hearth furnace. For 
the same reason, if you extract the tar from producer gas, the gas is not 
nearly so efiicient when used in the furnace, and I should suppose that the 
same would be true of coke-oven gas. 

Heinrich J. Freyn. — I must confess that I am not a metallurgical 
engineer. I know that the principal objection to the use of coke-oven 
gas in the open hearth was the lack of illuminating qualities, because the 
operator could not see the flame. If the tar that is recovered in the 
by-product plant were charged back into the coke-oven plant, it would 
be possible to recover the benzol, which is more valuable as a motor 
fuel to-day than gasoline, and that would be more advantageous than to 
burn it up in the open-hearth furnace. 
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Notes on Blast-Furnace Operation with a Turbo Blower 


BY S. G. VALENTINE, OXFORD, N. J. 

(New York Meeting. February, 1914) 

Blast-furnace blowing engines are broadly of two main types: 
either steam- or gas-driven reciprocating engines, or turbine-driven 
rotary engines. Some results of experience with a furnace blown by an 
engine of the latter type may be of sufficient general interest to relate. 
The first engine of this type was installed at Oxford Furnace, New Jersey, 
before the writer’s connection with this plant, in IMarch, 1910. This 
furnace uses chiefly New Jersey magnetites and had been in blast seven 
months on its old engines when the turbo blower was started. It was 
80 ft. high by 17 ft. 6 in. bosh and 11 ft. hearth diameter. It is of interest 
to see from the records what happened when the turbo engine was put to 
work. But of course, as the old blowing equipment was rather anti- 
quated, consisting of two I. P. Morris engines with air cylinders 72 by 
72 in., in good running order, however, it is evident that the comparison 
between their work and that of the turbo blower cannot be interpreted 
as being between machines that were respectively of equal excellence as 
representatives of their types. Still the results were gratifying and 
interesting. The records show that, with the old engines blowing 13,630 
cu. ft. of air per minute, measured by piston displacement, the furnace 
was working up about 480 tons of stock per 24 hr. and producing an 
average of 132 tons per day and a maximum of 166 tons. 

The rotary blowing engine installed was a General Electric Co. machine, 
the driving end being a Curtis steam turbine and the air end a six-stage' 
rotary compressor, all running at about 1,500 to 1,600 rev. per minute, 
and having a capacity of 25,000 cu. ft. of air per minute up to 25 lb. 
pressure, and equipped with an automatic constant-volume variable- 
speed governor. After running this blower, for a period equal to that 
covered above by the old engines, at an average rate of 15,000 cu. ft. of 
air per minute, the furnace worked up an average of about 592 tons of 
material and produced an average of 170 tons per day. Thus, on an 
apparent increase of 10 per cent, in the air volume there was an increase 
of about 23.5 per cent, in the materials worked up and of about 28.8 per 
cent, in the product. For the first calendar month’s operation of the 
turbo blower, on an average of 15,040 cu. ft. of air per minute, there is 
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shown an average increase of 25 per cent, in the materials worked and of 
33 . 3 per cent, in the product. 

The furnace was blown out, relined, and put in blast again in June, 
1912, and has been operating ever since. The only change in the furnace 
lines was an increase of 6 in. in hearth diameter, making it 11 ft. 6 in. 
Taking the operations of the last six months of 1913, to get the average 
of work done, the following data are of interest: The ores used are 
chiefly magnetites, averaging about 85 per cent, of these and 15 per 
cent, of other ores. Of the 85 per cent, magnetite, about 75 per cent, 
consisted of roasted magnetite carrying about 0.50 per cent, sulphur. 
The furnace runs chiefly on basic iron, and for this six months period 
had averaged 223 tons per calendar day, regardless of any time lost, 
with an average coke consumption of 2,147 lb. per ton of pig iron on 
an average consumption of 14,300 cu. ft. of air per minute, equivalent 
to an average of 41.7 cu. ft. per pound of coke used, the maximum being 
43.5 and the minimum being 39.5. 

Three main items of interest are developed in practice with our turbo 
blower. They are the low figures shown for quantity of air used per 
pound of coke burnt; the delivery of this air in a continuous stream in- 
stead of in pulsations; and the automatic regularity of the quantity of 
air delivered. ^ Each of these items has its effect on the furnace operation, 
as further discussion will develop. 

The item of the quantity of blast per pound of coke was the first 
result of the operation of the turbo blower to attract attention, because 
of what seems the very low figure shown. It required some time after 
blowing in this furnace for a Superintendent accustomed to the usual 
reciprocating engine quantities to adjust himself to the apparently low 
blast requirements in this case. The first impression was naturally that 
the thing was impossible, and that the rating of blast delivered was not 
correct. The makers of the engine, however, assured us that their 
calibration of the deliveries was guaranteed correct within 5 per cent, 
and they considered it actually correct within 3 per cent. It may be 
added that the blast lines and all connections from the engine to the 
tuyeres are tight and entirely free from any noticeable leaks. Several 
inquiries as to the experience of other users of turbo blowers have elicited 
the information in one case that they were burning a pound of coke 
with 51 cu. ft. of air; in another case 53 cu. ft. were used, but with the 
added information that the blast lines were not tightly calked and there 
was a very noticeable leakage through them and through the air valves 
of the old blowing engines to which the cold-air main was connected. 

In an endeavor to check this item we can calculate from certain data 
about what amount of blast is actually being blown into the furnace. 
The 2,147 lb. of coke per ton of pig iron, at 85 per cent, fixed carbon, 
contains 1,825 lb. carbon, and the 1,345 lb. limestone used per ton of 
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pig iron, at 11 per cent, carbon, contains 148 lb. carbon. The analysis 
of the furnace gases shows as follows: CO2, 9.43; CO, 31.49; CH4 + H, 
0.90; N, 58.18; total, 100 per cent. 

The CH4 and the hydrogen were not separately determined, but as the 
quantity is small it does not materially affect the results. 



Pounds 

Carbon from coke 

. ... 1,825 

Carbon from limestone 

148 


1,973 

Carbon to pig iron 

90 

Total carbon going to furnace gases. . . . 

1,883 

As there is 0.54 oz, carbon per cubic foot in either CO, CO25 or CH4, 

find: 


CO 2 0.0943 -f CO 0.3149 -f CH 4 0.0090 « 0.4182 X 

0 54 = 0.226828 oz. 

carbon in gas per cu. ft. 


Carbon per cu. ft. gas, 0 225828 -7- 16 

. = 0 014H4 lb. 

Gas per ton pig, 1883 -J- 0.014114 

. = 133,413 cu. ft. 

Nitrogen m gas, 58 17 per cent., would be per ton pig 

= 77,606 cu. ft. 

Air per ton pig, air being 79.3 per cent. N 

. = 97,860 eu. ft. 

Air per lb coke, 97,860 ^ 2,147 

. . = 46 6 ou. ft. 


This compares with the engine record of 41.7 cu. ft. within about 8 
per cent, and would indicate that the engine calibration is at least 
measurably correct. An element of slight inaccuracy may lie in the gas 
analysis used above, as the figures do not cover this period of six months 
and may not be an exact average of the whole period. But the analysis 
gives about our normal figures and the calculation seqms confirmatory 
of the engine rating within a reasonable degree. 

Assuming that the rating is approximately correct, we are impelled 
to a comparison with others in this respect. Prom general information, 
but without having received the actual data, we understand other users 
of turbo blowers are showing around 50 cu. ft. of air per pound of coke. 
On reciprocating engines the figures of one good modern plant, working on 
Lake Superior ores, were given me as 55 cu. ft Still another on the same 
make of blowing engines, working largely magnetite ores on foundry iron, 
shows 67 cu. ft. Another furnace with another make of reciprocating 
engines on magnetite mixture shows 57.6 cu. ft. Another furnace working 
on about two-thirds magnetites with still a third standard make of recip- 
rocating engines used 62 cu. ft. 

There are several factors that enter into any explanation of the varia- 
tions shown as to the amount of air used in the above cases. In the 
first place, there is the item of the accuracy of the measurements. It 
seems that the quantities generally reported are lower on turbo blowers 
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than on reciprocating engines. It would be of interest to have the facts 
for other plants on both types of engine coupled with calculations of the 
air requirements based on the gas analysis, for comparison. Our own 
case seems to indicate reasonable accuracy as to the rating of delivery of 
air. In view of the fact that in most cases the ratings on reciprocating 
engines are considerably higher, how shall they be interpreted? We 
are inclined to charge part of the difference to a failure of reciprocating 
engines in many cases to deliver the quantities measured by piston dis- 
placement, and believe that in many cases furnaces are not actually 
getting the air they are supposed to get. It is a question whether 
cylinder capacities, clearances, character of air valve, and points of 
opening and cut off cover all the items in measuring the air deliveries. 
There is always the question as to the actual air admission on high- 
speed engines, and also of the delivery of the air against the var 3 dng 
tension in the blast main, on either high or low speed. Possibly the 
steady flow of air from a rotary blower as compared with the series of 
pulsations from a reciprocating engine may contain a factor that would 
furnish a partial explanation of the differences. I am willing to refer 
this line of discussion to those whose engineering ability better qualifies 
them to handle it. 

A second feature to be remembered in interpreting these air quantities 
is the nature and physical condition of the ore to be reduced. Different 
ores will require different conditions in the consumption of coke in the 
furnace for their reduction and smelting. In certain cases the direct 
reduction by carbon in the upper part of the furnace will be greater than 
in other cases, and consequently the demand for burning carbon at the 
tuyeres to CO will be less. On other ores again this condition will be 
reversed. J. E. Johnson, Jr., in a recent discussion^ has called attention 
to this point with some very interesting data. 

After eliminating the element of inaccuracy of measurements of the 
air used, the remaining explanation of any discrepancy between the 
actual air consumption and the amount theoretically needed to burn the 
carbon of the charge to CO at the tuy&res must measure the loss of carbon 
in the upper part of the furnace, due to two causes — ^the waste of carbon 
by the action of CO 2 , and the use of carbon for direct reduction of the ore. 
One would expect that as the former cause was the more active the re- 
quirement of coke per ton of pig would be relatively higher; and as the 
latter cause (direct reduction) was more active the requirement of coke 
per ton of pig would be relatively lower. 

Taking our own case and assuming that our rating of 41.7 cu. ft. of 
air per pound of coke is approximately correct, let us compare the figure 
with what should be used if all our carbon were to be burned to CO at 


^ Trans.j xlvii, 351 (1913). 
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the tuyeres. This amount is readily calculated. The carbon to be 
burnt per ton pig is 85 per cent, of 2,147 lb. coke, or 1,825 lb., less 90 lb. 
carbon for the pig iron, or 1,735 lb. As it requires 16/12 or 4/3 oxygen 
per pound of carbon burned to CO, and 100/23 as much air to furnish 
this oxygen, then air required, 1,735 X 4/3 X 100/23 = 10,0581b. Air at 
60® weighs 0.0763 lb. per cubic foot, so that air required per ton pig is 
131,821 cu. ft., and air per pound coke is 61.3 cu. ft. 

Since the theoretical amount of air needed to burn 2,147 lb. of coke is 
131,821 cu. ft. and the supposed actual quantity used is 2,147 X 41.7 or 
89,529 cu. ft., this would represent a difference of 42,292 cu. ft., which 
divided by the theoretical requirement, 61.3, is equal to 690 lb. of coke, 
32.1 per cent., or about one-third of the coke used per ton of pig, which in 
our case never reaches the hearth. Whatever explanation we find for 
this apparently large disappearance of carbon in the upper part of the 
furnace must accord with the by no means extravagant coke consumption 
given per ton of pig for a furnace working a refractory ore mixture. 
While doubtless there is a certain loss of carbon by action of 
CO 2 on the coke, it seems likely that there is an unusually large reduction 
of the ore by solid carbon above the tuyeres. Otherwise we would 
expect to see higher coke requirement per ton of pig. 

It looks as though this were an instance where by getting pretty far 
away from “Griiner’s ideal working” we were effecting a coke economy 
by an unusual amount of reduction work being performed by fixed 
carbon. Prof. J. W. Kichards has shown in his Metallurgical Calcula- 
tions, p. 253, that “Whatever fixed carbon burns or oxidizes above the 
region of the tuyeres, in a blast furnace, absorbs oxygen from the charges 
with three times the efficiency of carbon first burnt at the tuyeres. . . . 
The ordinary furnace produces at the tuySres, in order to get heat enough 
to melt down the charges, more CO gas than is needed to abstract all the 
oxygen from the charge; under these conditions it is uneconomical to 
oxidize any carbon at all above the tuyeres. The exceptional furnace, 
because of pure ores, small amount of slag, pure fuel, high temperature of 
blast, or dry blast, gets heat enough at the tuyeres to melt down the 
charge without producing enough CO gas to reduce all the charges; under 
these conditions more or less reduction is effected by solid carbon, and 
with the greatest economy in quantity of carbon required in the furnace. 
These are the conditions under which, having passed the turning point, the 
greater economy of fuel is attained the farther away one can get from 
‘ Griiner’s ideal working.' ” Under this explanation, in our ease the 
credit for the result is probably due in large part to pure ores very uni- 
formly well prepared physically and carrying a considerable quantity of 
granular fines exposing a large surface to reducing agents. 

Returning for a moment to the case of furnaces blown by reciprocating 
engines, the following calculations are of interest. They are based in 
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the first two instances on data kindly furnished me, and in the third 
instance on data furnished in connection with A. N. Diehl^s discussion 
of another topic.^ The first two furnaces operate largely on magnetites 
and the third on Lake Superior ores: 



1 

2 

3 

Lb. coke per ton pig 

3,083 

2,500 

2,256 

Lb. carbon in coke 

2,635 

2,150 

1,897 

Less carbon to pig 

90 

90 

86 

Lb. carbon to be burned per ton pig. 
Lb. air required if all burned to CO at 

2,545 

2,060 

1,811 

tuyeres, C X 4/3 X 100/23 . . 

14,753 

11,942 

10,498 

Cu. ft. air per ton pig, lb, air 4- 0.0763 

193,355 

156,513 

137,588 

Cu. ft. air per lb. coke, theoretical. . . 

62.7 

62 6 

60.9 

Cu. ft. air per lb. coke, engine rating . 

67 

57.6 

60 8 

Cu. ft. air per ton pig, engine rating. . 

206,561 

144,000 

137,164 

Excess engine rating in cu. ft. . 

Deficit engine rating in cu. ft. 

13,206 

12,513 

424 


These figures show in the first case that, by engine measurements, 
13,206 cu. ft. of air more than is needed to burn all the coke per ton to 
CO at the tuyeres is being blown, an excess sufiicient to burn 210 addi- 
tional pounds of coke. This case leaves no allowance for any loss of 
carbon whatever in the upper part of the furnace. 

In the second case the rated air delivery is within 12,513 cu. ft. of 
the quantity required if all the carbon were burned to CO at the tuyeres, 
leaving only 199 lb. of coke per ton of pig to be lost in the upper part of 
the furnace. 

In the third case the rated air delivery is practically exactly the 
theoretical requirement if all the carbon charged as coke were burnt to 
CO at the tuyeres. This furnace seems to lose no carbon whatever in 
the upper part of the furnace. 

One can only conclude either that these engine ratings of air blown are 
misleading, or that the furnaces in question get all their coke down to 
the tuyeres without losing any of it in transit thither either by the action 
of CO 2 on it or by direct reduction of oxide by solid carbon 

We next raise the question whether air delivered to a furnace in a 
continuous stream would have a tendency to cause different conditions 
within a furnace than those we are accustomed to consider produced by 
the air delivered in a series of pulsations. It is conceivable that these 
might be, less momentary lingering of the ascending gases, less time 
allowed them to play around the stock at any given part, and a more 
uninterrupted supply of gases at every point to act upon the descending 
stock. If there are any different conditions within the furnace traceable 


* Tram.j xlvii, 396 (1913). 
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to this sourc6 they would naturally tend toward increased regularity of 
working. 

Laying aside these aspects, we are free to say that there is a unifomiity 
in our furnace operation that is not entirely due to uniformity of stock 
used, but for which we incline to give large credit to the uniform work of 
the turbo blower. Its automatic adjustment to pressure variations is 
prompt and effective, and so long as the boilers produce the necessa^ 
power we are not dependent on the personal attention of an engineer in 
adjusting engine speeds to meet the pressure changes on the furnace. 
It is an important aid to the uniform work of a furnace to have uniformity 
of blast volume, and to get it automatically is to get it most certainly. 
With uniform stock supplemented by uniform blast we are able to operate 
without changing our quantity of air for months at a time, and with no 
further changes of burden than the occasional substitution of one mag- 
netite for another, and trifling occasional changes of limestone, but main- 
taining a fi:xed ratio of ores to coke. Whether its calibration be accurate 
or not, it certainly gives uniform quantities at any given rating, and 
whether we are actually using more or less cubic feet we are using the 
amount required with continuous and reliable regularity. 

In conclusion, we believe that the turbo blower measures the volume 
of air used with more accuracy than the calculations based on piston 
displacement in other types of blowing engines; that as a corollary to 
this most furnaces run on reciprocating engines are using less air than 
they generally figure; also we are inclined to a preference for the steady 
stream of air furnished by a rotary blower, and are sure that the uni- 
formity of volume automatically delivered, whether correctly or incor- 
rectly rated, is an important feature in securing a uniform furnace 
operation. 

Discussion 

J. E. Johnson, Jb., New York, N. Y. — I did not have a chance to 
read Mr. Valentine’s paper before the meeting and I would like to know 
how he reaches the figure of 41 cu. ft. of air per pound of coke. It is 
only two-thirds of the amount theoretically required and would indicate 
that one-third the total coke was lost by solution and never reached 
the hearth at all. 

S.^G. Valentine. — I would like to say, in reply to Mr. Johnson, that 
the figure of 41.7 is based on the calibration of the turbo blower. That 
calibration, I am advised, the General Electric Co. guarantees to be cor- 
rect within 6 per cent., and they claim that it is really correct within a 
closer figure than that. Taking our gas analyses, as I have done in the 
paper, and where the figures are given, and figuring back from that I 
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came within 8 per cent, of that, my figures in the calculation being a 
little higher, running 45 cu. ft. of air per pound of coke charged. Of 
course, I am not able to certify to the correctness of that engine cali- 
bration, but understand it is based on very accurate and carefully made 
measurements. 

J. W. Richaeds, So. Bethlehem, Pa. — I am not speaking as expert 
on the mechanical side of the turbo blower, but as I understand it, it 
is adjusted so as to take in a constant amount of outside air and deliver 
it to the furnace, so that its delivery is not a variable amount of air 
under variable pressure, but a constant amount of air under whatever 
pressure the furnace gives against it. The calibration, being done upon 
the inlet, is probably done very accurately. 

Mr. Valentine’s figures show that much less air is received by a 
furnace than it is ordinarily credited with. The old way of getting the 
amount of air going into the blast furnace, from the piston displacement, 
is a very rough and approximate way of getting at it, and we all know 
that the more accurate way is to takeihe analysis of the gases and work 
back from the balance sheet of the furnace, to find out how much air 
the furnace is receiving. This is more accurate than to take the piston 
displacement and make an allowance for efl&ciency. In fact, you can 
in that way compare the net delivery of a blower plant to the piston dis- 
placement of the engine. I have done that in many cases and it figures 
out, according to the modernness or the antiquity of the blowing engine, 
to an efficiency of delivery of anywhere from 85 down to 50 per cent. 

The blast-furnace man who takes his piston displacement and tells 
you from that how many cubic feet of air he is blowing in per pound of 
coke, is giving you, probably, a misleading idea of how much air is 
entering his furnace. 

The feature of blowing in a constant amount of air against the 
variable back pressure of the furnace is the most valuable thing about 
the turbo blower. The ordinary engine, without such regulation, gives 
the furnace the least amount of air when it needs the most; that is, when 
it is becoming stopped up and the back pressure is rising. The turbo 
blower is supposed to automatically deliver a constant amount of air 
under the variable pressures. We have therein an extremely valuable 
improvement in blast-furnace practice. I think it might be still further 
improved if the amount of air could be increased as the amount of mois- 
ture in the air increases (if the furnace has not a dry-blast plant) so 
as to compensate to some extent for the variable amount of moisture 
which is in the air. 

I have calculated the volume of air received by Mr. Valentine’s 
furnace, from the oxygen in the gases, and find it to correspond within 

VOL. L. — 7 
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0.1 cu. ft., per pound of coke charged, with the value calculated by him 
on the basis of the nitrogen in the gases. This agreement checks up 
the accuracy of his data, and makes it in^^my opinion quite certain 
that his furnace was receiving just about 48 ^cu. ft. of air (at 60° F.) 
per pound of coke charged. If the regulator on the turbo blower 
registered less than this, I believe the difference due to inaccuracy 
in the calibration of the registering apparatus; if our reciprocating engine 
friends say that this is an impossibly small amount, the answer is that 
they have been too long accustomed to working from piston^displacement, 
allowing too high coeflBicients of delivery, and so have become accustomed 
to charging their furnaces with more air than they were actually receiving. 
I consider this important point fully proved by Mr. Valentine’s data. 

J. E. Johnson, Jr. — ^It is perfectly true that the reciprocating blowing 
engines have efficiencies as low as 50 per cent, in some cases. I have 
made some tests along this line and I know that this is so. Nevertheless, 
I think that good engines such as are in common use now will show an 
efficiency of about 90 per cent, of the theoretical, including everything. 
It seems to me that the volumetric efficiency of Mr. Valentine’s turbo 
blower must have been about 120 per cent., as I do not believe the results 
which Mr. Valentine reports can be obtained on a highly refractory bur- 
den when only two-thirds of the coke is being burned by the blast and the 
other third by oxygen from the ore. I think we must have more definite 
and positive information as to the nature and accuracy of the calibration 
of this apparatus before we should be asked to accept these figures. 

Karl Nibeckbr, Youngstown, Ohio. — Mr. Valentine’s paper as 
presented is of the most vital interest concerning the operation of a blast 
furnace when blown with a turbo blower. I regret exceedingly that up 
to the present time we do not have sufficient data available to enable me 
to make a direct comparison with the results obtained by Mr. Valentine. 
The machines which the company with which I am employed is at present 
operating have not up to the present time been tested sufficiently to enable 
me to give definite figures, but, from the data which we now have avail- 
able, it appears as though the results which we are obtaining n ill not check 
in several respects with those as given in the paper. 

Has Mr. Valentine ever calibrated the constant-volume governor as 
furnished by the builders of the blower? Has a Pitot tube, or some 
similar standard device for measuring air, ever been used in order to check 
the graduation of the regulating beam with the amount of air actually be- 
ing delivered by the blower? It has seemed to me that it is quite im- 
portant to carefully calibrate the measuring device as furnished with the 
blower with the machine actually operating under service conditions. 
It seems to me highly probable that the calibration furnished by the 
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builders of the machine under test conditions may not be accurate under 
working loads. The calibration may be quite different imder actual 
operation when blowing a blast furnace. 

It has been our experience that in many instances a sufficient correc- 
tion factor for the slip and losses in a reciprocating engine is not assumed 
of a proper value, and this may account for the figure obtained by Mr. 
Valentine as to the amount of air delivered by the engine. It is also 
probable that the amount of air as figured for the turbo blower may be in 
error, even though a calculation of the air delivered to the furnace is made 
from the gas analysis and is found to check within a small per cent. 

It is seen that the calculated amount of air required by the furnace is 
more than that delivered by the blower, if we accept the calibration of 
the regulator as correct. 

We have noted conditions where the amount of air calculated from the 
gas analysis does not check with the air delivered by the engine after 
proper corrections have been applied to the engine, and I am therefore in- 
clined to question the absolute value of checking the air delivered by 
an engine in this way, except as a most general indication. 

I would like to ask Mr. Valentine whether he has made any comparison 
of the amoimts of steam required per ton of metal produced by the two 
methods of blowing. It seems to me that this steam consumption is of 
the utmost importance in any furnace plant where an excess of steam can 
be made available for use in power generation. From our experience, 
it seems as though the turbine will deliver very nearly the same amount of 
air per pound of steam consumed as the reciprocating engine, providing 
that they are both working at the best vacuums for their respective de- 
sign. It is probable that the turbine will consume slightly more steam 
than the engine per 1,000 cu. ft. of air delivered, but we do not have the 
data to state the exact ratio. 

The type of governor with which our machine is equipped is the mul- 
tiple Venturi tube of the Rateau design and seems to give a very constant 
flow. While the Venturi tube may be an accurate means of measuring 
air, we are inclined to believe that the setting of the regulator on this 
governor, of whatever t 3 q)e used, should be calibrated in place by some 
reliable means of measurement, such as the Pitot tube or throttling disk. 

Leonard Waldo, New York, N. Y. — ^I have lately had occasion to 
get air into open hearths under var 3 dng pressures, and I have been very 
much troubled by the fact that, with a guaranteed pressure of 120 lb. 
on the mains, the pressure gauge of the main at the open hearth showed 
remarkable facility in dropping down to 50 and 52, considerably less than 
the pressure required for the service. 

In the case of the turbo blower, I had hoped that we had gotten some- 
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thing in which the volume of air bore some relation to the pressure, for, 
after all, it is not the pressure which does the work, but it is the flame which 
takes place through the combustion of the fuel, and I think that in the 
minds of most people who are looking for air the turbo blower is the most 
promising thing, if the expense of the production of the air is not too 
great. 

The open-hearth people have a strange faculty of translating these 
things into cost per pound of compressed air, and the people who put in 
these turbo-generator plants have a habit of placing the apparatus clear 
off at the end of the building, and driving them by belts, with the result 
that there is quite an increase in the charge. The air is very nice, but it 
costs like hot air generally does. Therefore, this paper is a move in the 
right direction, and I sincerely hope that the turbo blower is going to be a 
solution of the very great difficulties confronting us in the modern prob- 
lems of combustion, in having adequate air in the right place at the right 
time and under the right pressure. 

J. E. Johnson, Jb. — I do not wish to take up an undue amount,of 
time in discussing this subject, but there is one point raised by Mr. 
Nibecker which is very important; that is, the probability that the 
turbo blower takes more steam than the reciprocating blowing engine. 
It is a more or less open secret in steam-engineering circles that from 
boiler pressure down to atmospheric pressure at least, the reciprocating 
engine is under no disadvantage as compared with the turbine in regard 
to economy, and a good many cases are on record where people have gone 
from turbines back to reciprociatng engines in power plants because they 
could obtain just as good economy and liked the operation better. The 
efficiency of the blowing engine, mechanically, is very high. Nordberg 
built some compressors which gave 95 per cent, mechanical efficiency, 
and I have in my possession some indicator cards from large blowing 
engines which show 92 per cent. A properly designed high-speed blow- 
ing engine has a high mechanical efficiency, and the thermodynamic or 
diflgrfl.Tn efficiency of the air end is also high, whereas the turbo blower 
has an efficiency of only 70 per cent., which means, considering the 
two efficiencies together — that of the compressor and that of the engine — 
that the turbine must use less steam than the steam engine in the ratio 
of 70 to 90, and it is extremely doubtful if it can do this even with high 
vacuum. It seems to me that the opinion of the Youngstown Sheet 
& Tube Co., that the turbo blower requires more steam per imit of air 
delivered than good reciprocating blowing engines such as they have, 
is probably correct. 

Kael Nibeceeb. — I would like to ask Mr. Valentine if he has noticed 
any difference in air pressure required at the furnace to produce a given 
amount of iron with the turbo blower as compared to the engine. I 
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have heard the statement made that the blower will produce the same 
amoimt of iron on less pressure than the engine, the theory being that 
the constant flow from the rotating machine will cause the same amount 
of air to be delivered through the furnace with less pressure. If this 
condition is true, it should be possible to blow a furnace with less horse 
power when a turbo blower is used than with a reciprocating engine. 
This would apparently indicate less steam per ton of iron. Whether 
this difference in air pressure and work done is enough to reduce the steam 
consumption on the turbine, I am not prepared to say. 

If Mr. Valentine has any data concerning the steam, it will be of 
considerable interest. 

J. W. Richards. — I would ask Mr. Johnson, assuming that the 
figures in Mr. Valentine^s paper are accurate within 10 per cent., whether 
this does not show that this furnace was working with an excess of heat 
in the hearth and a deficit in the shaft, and thus explain the fact that 
carbon was burnt economically in the upper part of the furnace? 

J. E. Johnson, Jr. — I should say it proves exactly the opposite. 

George C. Stone, New York, N. Y. (communication to the Secre- 
tary*). — I fully agree with Mr. Valentine’s conclusion that: ''The 
turbo blower measures the volume of air used with more accuracy than 
the calculations based on piston displacement in other types of blowing 
engines; that as a corollary to this most furnaces run on reciprocating 
engines are using less air than they generally figure.” 

One reason for this he appears to have overlooked. In all of his 
calculations the temperature of the air is assumed to be 60® F. and its 
weight 0,0763 lb. per cubic foot. This is a fair assumption for the air 
in the engine room, but the cylinder, its heads, and the piston are at a 
much higher temperature, due to the heat of compression; consequently 
the air is heated on entering the cylinder, and the latter is filled with air 
at a temperature considerably above 60® and, therefore, contains a less 
weight of air than the calculation calls for. 

The heat of compression is very considerable. Kent gives it as 
follows: 

Gauge Pressure, Temperature of the Air, 

Pounds Degrees P. 

0 60 

5 106 

10 145 

15 178 

20 207 

25 234 


* Eeceived Mar. 2, 1914. 
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The weight of air also varies considerably with its temperature, as 
follows: 


Temperature, 

Weight of Air, 

Relative 

Degrees F 

Pounds per cu. ft. 

Weight 

20 

0.08274 

108.3 

40 

0 07943 

104.0 

60 

0.07638 

100.0 

80 

0.07352 

96.3 

100 

0 07090 

92.8 

120 

0.06845 

89.6 

140 

0.06617 

86.6 


The worst case Mr. Valentine gives shows a difference of only a little 
over 6 per cent, between the engine ratings and the theoretical. This 
would correspond to a temperature of the air in the cylinder of about 
90® instead of 60°. This could readily be accounted for by the heating 
of the air by the piston, cylinder walls, and ports when working at 
very moderate pressures. This, I think, accounts for the fact stated in 
his corollary. As a further corollary it would follow that the higher the 
blast pressure the less the weight of air delivered. 

A six-stage turbo blower should not be affected by the heat of com- 
pression to nearly as great an extent. As the compression in the first 
stage is very slight the heat imparted to the incoming air is also very 
slight. Aside from this the rating of the turbo blower is based on cali- 
bration, which would correct for errors due to this cause. This probably 
accounts for the more satisfactory work of the furnace with the turbo 
blower, as the volume and temperature of the air are constant regardless 
of the pressure, while with a reciprocating engine delivering a constant 
volume the weight decreases with increased pressure. 

P. L. Gbammbr, Leesburg, Va. (communication to the Secretary*). — 
In Mr. Valentine’s most interesting paper there is one item of carbon- loss 
which he omits, as every one has done heretofore: viz., the amount 
blown out at the downcomer into the dust catcher. If he makes 
25,000 lb. of dust a day and 10 per cent, is coke, there are 2,500 lb. of 
coke sent out of the furnace as dust, not as CO or CO 2 or in pig. 

This is a small amount per ton, about 11 lb. per ton of metal, but 
would affect the final result a little. 

It would affect it more in using unscreened coke from bells and using 
double bells, and where great volumes of wind are employed with high 
velocity of exit of gas. 

S. G. Valentine (communication to the Secretary f). — In reference 
to the points raised in this discussion, I would say that a correction of 
the calculation of air from the gas analyses to a temperature of 60° P., 


* Received Mar. 28, 1914. 


t Received Apr. 15, 1914. 



NOTES ON BLAST-EUBNACE OPEEATION WITH A TURBO BLOWER 103 


which was overlooked, gives as a result 48 cu. ft. of air instead of 45.5 
as compared with the figures shown by the blower calibration of 41.7. 
This discrepancy of 6.3 cu. ft. may be due in part to the gas analyses 
thereby giving high results, or in part to any error of the calibration 
which might give low results. But even at 48 cu. ft., taking the highest 
figure, it appears that instead of the 131,821 cu. ft. of air required to 
burn all the carbon at the tuyeres, only 103,056 cu. ft. of air were needed, 
indicating that 469 lb., or 21.8 per cent, of the 2,147 lb. of coke per ton 
pig, were consumed in the upper part of the furnace either by action of 
the ore or by the CO 2 of the gas. To my mind the economical coke 
consumption per ton of pig still finds its most likely explanation in the 
economical effect of direct reduction by carbon. The calculations of 
Dr. Richards referred to in the paper seemed to indicate that this is a 
fact. 

The theoretical amount of air needed to burn a pound of carbon or 
of coke is easily figured. But in actual practice we know very well that 
we do not have to furnish this quantity for every pound of coke charged, 
for the simple reason that the coke does not all reach the hearth to be 
burned by the oxygen of the air. It is, therefore, self evident that any 
rating of air delivery which shows enough air blown to burn every pound 
of coke charged is an excessive rating. It seems, therefore, that in many 
cases less air is being actually used than the reciprocating-engine ratings 
would indicate. Mr. Nibecker states truly that sufficient corrections are 
not generally used in figuring on such air deliveries. I would add that 
some of the factors of these corrections are difficult, if not impossible, 
to determine accurately. 

Relative to steam consumption by turbo blower, I cannot furnish 
any actual data. In our practice, operating with the condenser, the in- 
dications are that our steam consumption is not higher than it would 
be on a reciprocating engine of equal efficiency. Naturally, any blowing 
engine must have a sufficient steam supply to meet high furnace pres- 
sures. The turbo blower automatically speeds up at such times, thereby 
maintaining the supply of furnace gas under the boilers and therefore 
helping to maintain its steam requirements automatically. This is an 
advantage to the power equipment as well as to the furnace itself. 

In regard to the pressure required for a given amount of iron with 
a turbo blower as compared to an engine, I do not think there is much 
difference to be noted. Pressure, being chiefly due to the resistance of 
the stock in the furnace, is probably less variable under a steady stream 
of air than it is under an intermittent or pulsating supply and might 
possibly average lower under the same furnace conditions. The 
fluctuations of pressure shown by a delicate gauge are less in the case 
of a turbo blower than they are with a reciprocating-engine air supply. 
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Turbo Blowers for Blast-Furnace Blowing 


BY RICHARD H. RICE, WEST LYNN, MASS. 

(Pittsburgh Meeting, October, 1914) 

Turbo blowers for blast-furnace blowing have now been in use for 
some years, and a review of the experience gained and the present state 
of progress may be interesting. 



Fig. 1. — Steam Turbine Direct Connected to Air Compressor. 

The first blast-furnace blowing engine of this type to be installed in 
America was built by the General Electric Co. and is installed at the Ox- 
ford Furnace of the Empire Iron & Steel Co. This machine was put into 
operation March 8, 1910. A duplicate unit is situated at the furnace 
of the Northern Iron Co. at Port Henry, N. Y., which unit was put into 
operation June 30, 1910 (Fig. 1). 

These two units consist of six-stage compressors driven by four-stage 
Curtis turbines, operating at variable speeds depending on furnace condi- 
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tions, the maximum speed being 1,950 rev. per minute. The rated vol- 
ume is 22,500 cu. ft. of actual free air per minute. 

Since then, besides these units, there have been built, installed, and put 
in operation by the General Electric Co., two 25,000 and four 45,000 cu. ft. 
machines; and by other builders, one 20,000, two 40,000, and one 60,000 
cu. ft. machines. 

Therefore, the total number of blast-furnace blowing engines of this 
type on which experience is available is 12. 

Besides these, the General Electric Co. has built, installed, and has in 
operation 23 multi-stage turbo-driven air and gas compressors. 


Method of Rating — Air Measurement 

At the outset a radical difficulty presented itself. The rating of a 
reciprocating steam or gas blowing engine is usually based on displace- 
ment and this method is usually the basis of the determination (for practi- 
cal purposes) of the amount of air being blown at any time. For the 
turbo blower, actual measurement of the air is the only criterion. If any 
other standard is used, an assumption is at once necessary as to the actual 
relation of the standard to the facts. The ratio between displacement and 
actual air delivered varies with many factors, as follows: 

Clearance space in air cylinders (as pressure of air delivered increases more air is 
necessary to fill this space, decreasing air actually delivered). 

Leakage past air pistons (mcreases with increase of air pressure). 

Leakage past inlet and discharge valves (tends to increase with increase of air 
pressure). 

Insufficient area of mlet valves (prevents cylinder from fi l l i n g on suction stroke). 

High temperature of air at beginning of compression stroke. 

Insufficient area of discharge valves (prevents cylinder from completely dis- 
charging). 

Waves in discharge pipe (same result as insufficient discharge valves). 

Inertia of valves (has same general effect as insufficient valve area ^in addition 
causes slip or back blow on return stroke). 

Improper timing of mechanically driven valves. 

From these causes, the actual air delivered may and often does amount 
to only 70 or 80 per cent, of the displacement. 

On account of these discrepancies between rated and actual operating 
conditions, the first turbo blowers installed were found to be too large for 
the work. They were rated and proportioned to deliver normally 22,500 
cu. ft. of free air per minute at 15 lb, normal or average pressme, with a 
maximum pressure capacity of 30 lb. As a matter of fact neither engine 
has ever blown over 18,000 cn. ft. per minute. 

It was soon found that the steadiness of blast and perfect control 
which are the prime characteristics of this apparatus resulted in an in- 
creased output from the furnace and an improved quality ; and these facts 
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have been noted in all similar installations where comparative data or 
experience can be had. The chief difficulty is to prevent overblowing of 
the furnace, since it is difficult for furnace men to think in terms of the 
new rating, and until they do, the furnace is always supplied with too 
much wind. 


Difficulties Experienced 

A number of difficulties have been experienced with these machines 
which are worth cataloguing. 

The first difficulty met with was pulsation, or fluctuation of pressure, 
which occurs at volumes of say one-half normal rating and less (varying 
with the blast pressure). This pulsation consists of pressure fluctua- 



Fig. 2. — Centeifugal Compbessok Dikect Connected to Steam Ttjebine. 

tions or waves of one or more pounds magnitude, and having a wave- 
length period of from one-half to one minute, depending on the volume of 
blast main and stoves which may be connected to it. This phenomenon 
has been entirely overcome in the machines which I have designed by the use 
of a blast gate (butterfly valve) inthesuctionpipe, between the air governor 
and the compressor. It is found that a very moderate throttling by this 
blast gate is sufficient to eliminate pulsation entirely (Fig. 2). 

A difficulty met with in the first units built consisted in expansion 
of the bores in the hubs of the impeller wheels at maximum speeds, due to 
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insufficient allowance for forcing fits. ^ A mere statement of the difficulty 
indicates the proper remedy, which when applied entirely eliminated the 
difficulty. 

Some of the turbines used have given trouble by throwing off buckets. 
This difficulty was finally traced to steam impulses corresponding to the 
free period of the buckets, and was eliminated by a change in the steam 
nozzles. 

Southern furnaces, using leaner ores, which are besides of a sticky 
nature, and also using rather poorer cokes than their Northern proto- 
types, require more wind, and a higher pressure of blast. This severer 
service has brought out a weakness in impeller design. The entrance 
portion of some impellers, although of a stiff and rigid shape, has been 
found subject to cracks and breakage due to reed-like vibrations in the 
air currents, and these parts have been greatly strengthened and stiffened. 

An accident to the turbine of a 50,000 cu. ft. compressor at Birming- 
ham, due to the bursting of a turbine wheel, has been clearly proved to 
have been due to cracks produced in heat treatment, and not due in any 
way to defective design or inherent weakness. This machine will shortly 
be re-installed with all possibility of similar difficulty removed. 

Relative Steadiness of Blast 

I have frequently asserted that the blast from a turbo blower was ap- 
preciably steadier than that from a reciprocating machine, but this state- 
ment has often been denied by blast-furnace men, who have contended 
that the pulsations due to intermittent discharge from air tubs were 
smoothed out by the frictional resistances of blast main and stoves. 

In order to set this question definitely at rest a delicate measuring in- 
strument devoid of inertia was devised and constructed and records of 
pressure conditions at the tuyeres of a blast-furnace were taken. Fig. 3 
shows diagrammatically the apparatus which was used in making these 
tests. 

The object of the apparatus is to show small variations on top of a 
heavy pressure (18 to 20 lb.) at the tuySre; it being well known that the 
ordinary instruments for measuring pressures of this magmtude have so 
much inertia, and are so far from being delicate, that all the variations, 
which it was the''object of these tests to measure, are dampened out. The 
apparatus used is a differential recording gauge, consisting of a pressure 
diaphragm in a closed chamber, one side of which can be subjected to a 
constant pressure of desired amount, and the other subjected to the vari- 
able pressure which it is desired to measure, by means of a large pipe 


Sanford A. Moss: Increase of Bore of High Speed Wheds by Centrifugal Stresses, 
Transactions of the American Society of Mechanical Engineers, vol. xxsdv, p. 896 
(1912). 
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capable of instantaneously transmitting the fluctuations. Motions of the 
diaphragm are transmitted to a delicate pen through a mechanism which 
is devoid of inertia, and the i^en makes a record on a rapidly moving band 
of paper. 

The diaphragm used was a thin copper disk about 14 in. in diameter, 
motions of which were taken from the center through a very light rod 



Fig. 3. — Biffbbential Recording Pressure Gauge for Measurement of 
Pressure Variations in Blast-Furnace Tuyere. 

sliding freely through a close-fitting bushing without appreciable leakage. 
This rod was pressed between the diaphragm on one end and the pen lever 
on the other, the fulcrum of the pen lever being a flat steel spring, so 
arranged as to press on the rod and through it upon the diaphragm, even 
with the greatest pressure fluctuation. The chamber on the back of the 
diaphragm was connected through a pipe of considerable size to a mercury 
IT, consisting of a rubber tube, on the top of which was a reservoir for 
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mercury. The back and front sides of the diaphragm were connected by 
means of a by-pass pipe and valve, and the apparatus was operated as 
follows: 

The by-pass valve was opened, connecting the two sides of diaphragm 
and equalizing the pressure. As soon as the pressure had been equalized, 
the by-pass valve was closed, and the pressure on the back of the dia- 
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Fig 4. — Cubves of Pbesbxjbb Variation in Blast-Furnace Tuyere. 


phragm was adjusted by raising or lowering the mercury reservoir. As 
soon as this adjustment was complete the mercury reservoir was clamped 
in position. It was necessary that the by-pass valve, piping, and mercury 
tube be absolutely tight, and that the pipes containing the mercury be so 
large that the motion of the diaphragm did not appreciably change the 
capacity on the constant pressure side of the system. 

The motion of the diaphragm v^as very small, the tension of the 
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pen spring on the diaphragm was considerable, and the inertia of the 
moving parts was as small as possible, resulting in a moving system, which 
was, to all intents and purposes, dead beat. 

When operating the apparatus the chart was moved past the pen by 
hand, and the time interval was marked on the chart by an observer 
using a stop watch, marks being made at every 6 sec. 

The records shown in Fig. 4 were made on a furnace working on 
Southern iron, and at the time it was blown with reciprocating engines 
there were four engines in use, two of which had steam cylinders 84 in, 
in diameter and air cylinders 84 by 60 in. stroke, while two had steam 
cylinders 44 in. in diameter and air cylinders 84 by 60 in. stroke. All 
were of the vertical long crosshead type, equipped with Corliss air-inlet 
valves, and modified Reynolds type discharge valves, and were operated 
at an average speed of about 40 rev.' per minute, the total displacement 
being about 60,000 cu. ft. of air per minute. 

It will be noted that the curve obtained when operating in this 
manner is complex and apparently consists of a primary wave, and a 
secondary wave. Below the observed curve has been drawn one showing 
the primary wave, produced by tracing through the mean points of 
the secondary waves. These primary waves may be due to the discharge 
of the reciprocating cylinders, while the secondary waves may be caused 
by the fluttering of the discharge valves. In contrast to these is shown 
a curve which shows the pressure variations observed with the turbo 
blower. 

Between the bustle pipe, where the observations were taken, and 
the engines, was a blast main about 1,000 ft. long and of large diameter, 
as well as the usual stoves. The use of this long and large blast main 
and four engines resulted in smaller fluctuations than would have been 
experienced with shorter blast main and with only one or two engines in 
use. It is hoped at a later period to make pressure observations of 
this arrangement also. 

The method of calibrating the instrument was to produce deflection 
on the diaphragm by admission of air pressure to one side thereof so 
as to give a constant pressure difference, which was measured by a water 
U-tube, noting the deflection of the pen corresponding to these pressures, 
the chart given in Fig. 4 showing the result of this calibration. 

Advantage of Steady Blast 

It is believed that the superior steadiness of blast pressure from the 
turbo blower results in an increase of production, because the width of the 
melting zone is decreased, while the loss of fuel and ore due to the dancing 
of the particles on the blast and consequent attrition and blowing away 
as dust of such particles is reduced. That this is so is evidenced by the 
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reduction of the amount of dust caught by the dust catchers, which 
has been found in all such installations to be a very considerable per- 
centage. 

Since the width of the melting zone is reduced and all conditions of 
blast made more uniform, the blast can be used at a higher temperature. 



Fig. 5. — Constant-Volume Governor for Centrifugal Compressors. 


In practice, the use of turbo blowers, properly governed to measure 
the rate of blowing with accuracy, has the result of appreciably increasing 
the amount of iron produced, and this with a more uniform quality. 
This increase of production is accomplished without increase in the total 
coke charged and therefore the coke ratio is reduced. 
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There is evidence that this increase of production and decrease of coke 
ratio may amount to 10 per cent. 


Governing Air Flow 

The requirements for a governor to control properly the rate of 
blowing are ample power and accuracy. 

The method used in apparatus built by the General Electric Co. 
is shown in Fig. 5. It consists of a disk, A, riding on the ingoing air 



Fig 6. — Calibration Curve op Constant Volume Governor. 

in the center of a frustro-conical portion of the inlet pipe. Movements 
of the disk are transmitted direct to the valve gear, and ample power is 
secured by the use of very moderate dimensions. The angularity of 
the walls of the conical pipe is determined by the desired accuracy of 
regulation. No packing is necessary and the device is therefore practi- 
cally frictionless and wear-proof. 

Differing rates of flow are secured by moving a weight, along a scale 
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beam, which is graduated in cubic feet of free air per minute, and care- 
fully calibrated at the factory before shipment. Pig. 6 gives a calibra- 
tion curve of such a governor and shows the accuracy of the indications. 


General Design of Turbo Blowers 

Several methods have been used to balance end thrust in the air 
compressor. The method which I have used is to make all impellers 
double-entrance, without shroud rings, as shown in Fig. 7. While this 
method somewhat complicates the coring of the castings, it results in 
the maximum simplicity and durability of the rotor and eliminates any 
necessity for the use of a balancing piston, while the clearance packings 



are on the shaft diameter and hence may have a large clearance with small 
leakage. Water jacketing is used in the diaphragms so as to cool the air 
while undergoing compression and in its passage from stage to stage. 

Complete accessibility is secured by splitting casings and diaphragms 
on a horizontal plane. The turbine is similarly treated. 

The locating bearing for the entire system of turbine and compressor 
is at the turbine end, and is so constructed that the axial position of the 
shaft with its turbine wheels and air impellers may be changed while the 
unit is in operation. (Fig. 8.) 

VOL. L.~8 
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Comparative Efficiency 

The relative thermal efficiency of this apparatus as contrasted with 
other forms of blowing engines is somewhat difficult to determine owing 
to lack of data. The reciprocating steam blowing engine has never 
been tested under circumstances which give any reliable basis for com- 
parison, owing to the difficulty, amounting to impossibility, of accurately 
measuring the actual amount of air delivered per unit of time. The 
same thing holds true to a greater extent for the gas engine, since it is 
not only necessary to measure accurately the amount of air delivered for 



Fig. 9. — Gas and Steam Consumption of Tuebo Compressoe with Constant 

Volume Governor. 

Figures on curves show fraction of rated quantity. 


any length of time, but also the gas consumption. Both these measure- 
ments are subject to the same error. The source of this error is the fact 
that in all known methods of air metering, the indications vary as the 
square of the velocity of flow, and hence the mean of the readings is not 
the mean rate of flow. For this reason the readings of Venturi meters, 
Pitot tubes, etc., may give rates of flow as high as 40 per cent, in excess 
of the true value, depending on the amount and character of the fluctua- 
tions. We have, therefore, to fall back upon assumptions as to the ratio 





116 TURBO BLOWERS FOR BLAST-FURNACE BLOWING 

of actual to displacement air, which are usually, due to this source of 
error, too favorable to the reciprocating engine. 

From other data we can determine the comparative efficiency of 
turbine and steam or gas engine. These data are derived from tests 
of similar machines driving electric generators, on which much accurate 
information is available. 

By observations of temperatures at inlet, between stages, and at dis- 
charge, together with accurate measurement of quantity and discharge 
pressure, and by determination (also quite accurate) of leakage and 
radiation losses, the efficiency of the compressor may be closely deter- 
mined. This has been done, and curves showing the performance have 
been published.^ 

For the purposes of this discussion curves have been prepared (Fig. 
9) showing the gas consumption of a turbo blower when blowing at 
various rates and against various blast pressures, from which the amount 
of gas needed under various conditions may be quickly determined. 
The gas consumption is of course that necessary to operate the plant. 

Comparison of Steam-Engine^ Steam-Turline^ and Gas-Engine 

Installations 

In comparing the relative merits of these three types of blowing 
apparatus, the only proper method is to base the computation upon 
the best present practice for each. 

The steam practice in blast-furnace installations is hopelessly behind 
the times, and in no way comparable with that of central power stations 
supplying electric light and street-railway service. In order to place the 
turbo blower on a fair basis for comparison with other types, it must be 
surrounded with the most efficient auxiliaries for steam generation, pro- 
duction of vacuum, etc., and blast-furnace engineers must make up their 
minds to abandon existing practice and follow in the footsteps of design- 
ers of electric power stations. To this end boilers must be installed cap- 
able of generating steam at 200 lb. pressure and with 200® superheat. 

Where ordinary forms of gas burners are used under boilers it is 
not advisable to clean the gas, since the sensible heat, amounting to 
about 8 per cent, of the total heat in the gas, is available and utilizable. 
It will, however, be necessary to clean the boilers frequently. It is the 
practice abroad, and should be the practice here where efficiency is an 
object, to use pre-mixing burners, by the use of which the air can be 
accurately regulated and the best efficiency obtained. In this case it 
is advisable to clean the gas, otherwise the dust may slag on the tubes 
owing to the high furnace temperature. 


® Richard H, Rice: Commercial Application of the Turbine Turbo-Compressor, 
Transactions of the American Society of Mechanical Engineers, vol. xxxiii, p. 381 (1911). 
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Furthermore, the practice of using a single jet condenser connected 
with a number of units, and receiving steam from as many as may be in 
operation, must be abandoned in favor of a condenser for each unit, 
preferably of the surface type, in order that the best possible vacuum 
may be realized for each umt unaffected by any misadjustment or im- 
proper operation of its neighbor. The use of a single turbo blowing 
engine per furnace has become standard practice on account of the 
small dimensions, lower cost, and higher efficiency per unit of capacity 
of large turbo blowers and the short time required to start a spare unit, to 
say nothing of the reduced cost of installation and operation of single 
units as contrasted with multiples. It is, therefore, desirable to lay out 
the turbo-blower house on the unit system, each blower having its own 
boilers, condenser, pumps, and other auxiliaries, with suitable spares. 
These various units will of course be cross connected by suitable pipes 
so that they may be used in all desirable combinations. In this way 
maximum flexibility is combined with the best efficiency. 

Taking this method of installation as a basis for the turbo blower, 
we shall naturally use for the gas engine an installation of two units per 
furnace, since this plan appears to find favor with progressive gas-engine 
builders; and we shall also use similar arrangements of horizontal com- 
pound steam engines as the basis for the reciprocating steam-driven 
type. 

For the boilers, we shall use the largest units possible to obtain, 
preferably two boilers per blowing unit, and of such type that the radia- 
tion losses from the brick work are a minimum, while the possibilities 
of decrease of efficiency due to lodgment of dust from the gas are as 
small as possible. The superheaters should be built in the same setting 
as the boilers for simplicity of manipulation. 

Performance of Reciprocating Steam Engines 

For plants as now being installed it is customary to use not over 
150 lb. gauge pressure and not over 27 in. vacuum, and it must be ad- 
mitted that this type of blowing unit is not well adapted for higher pres- 
sures, temperatures, or vacua in blast-furnace work. Therefore, we must 
assume a steam consumption for such engines of not less than 13 lb. per 
indicated horsepower under blast-furnace conditions, corresponding to 
14.15 lb. per shaft horsepower. 

As we shall see later, this assumption does not need to be exact, as 
the steam consumption would have to be reduced to a figure not attained 
in the best engines ever built for any purpose, with the highest degree of 
superheat ever used and with all conditions favorable for the steam ejigine 
(as they are not in blast-furnace work), to put this type on equal terms 
with the other as regards fuel consumption. 
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The data necessary for determining the gas consumption of this 


type of blowing engine are as follows : 

Production of pig per day of 24 hr 460 tons. 

Coke per ton 2,240 lb. 

Displacement per pound of coke (avg. value) 65 cu. ft. per min. 
Theoretical horsepower required to compress 

100 cu. ft. of air to 15 lb 5 h.p. 

Diagram factor for air tub^ 0.94 

Mechanical eflniciency of air tub^ 0.92 


Displacement air required to produce 450 tons per day: 

60^ = 45,500 cu. ft. per minute. 


Shaft horsepower required to blow this air: 


5X455 
0.94 X 0.92 


2,630. 


Boilers (coal fired) of large size have recently given 80 per cent, 
efficiency in electric power stations,® and even a small boiler without 
special attention has given recently 82 per cent, at the plant of the 
General Electric Co. at Lynn. For blast-furnace use, however, we must 
expect lower values, but 70 per cent, efficiency is readily attainable in 
practice with proper attention, or 75.5 per cent, with pre-mixing burners 
and clean gas. I shall assume the same efficiency, due to the same 
care, in case of turbo blowers and of reciprocating steam engines. 

In the case of gas burned under boilers we have additional available 
heat due to the fact that we can utilize the sensible heat contained in the gas 
at high temperature. The amount of heat per cubic foot of gas per de- 
gree Fahrenheit is 0.0182 B.t.u., and allowing gas for boilers at 500“ F. 
and for engines at 60“ F., gives 8 B.t.u. sensible heat per cubic foot 


difference. 

For this reason I take 

B.t.u. 

Amount of heat in gas to gas engine 95 

Amount of heat in gas to boilers 103 

The heat per pound of steam is determined as follows: 

B.t.u. 

Initial total heat 1,194.6 

Final heat of liquid 83.1 


1,111.5 

’ Eresm and Bacon : Discussion, TransacHona of the American Society of Mechanical 
Engineers, vol. xxxiii, p. 407 (1911). 

■* Idem, p. 408. 

' J. W. Parker: Operation of Large Boilers, Journal of the American Society of 
Mechanical Engineers, p. 33 (February, 1914). 
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Hence we have the gas for boilers for reciprocating blowing engines : 


2,630 X 14.15 X 1,111.5 
103 X 0.70 


= 574,000 cu. ft. per hour. 


Performance of Oas Blowing Engines 


In the case of the gas-engine driven blowing engine we use the same 
data as above, to find the shaft horsepower required to blow the same 
quantity of displacement air. We also use the value of a horsepower- 
hour, which is 


33,000 X 60 
778 


= 2,545 B.t.u. 


The thermal efficiency of the gas engine has been assumed in recent 
discussions® at 21 per cent., based on tests which were made with great 
care. Using this efficiency we shall consume 


2,545 
0 21 


12,120 B.t.u. per shaft horsepower in the gas engine. 


As above, we assume 95 B.t.u. per cubic foot of gas as the available heat 
for gas-engine purposes; hence we have for the gas required by an engine 
of this type to produce pig at the rate of 450 tons per day 

2 , 63 ^ 1^0 ^ 


Performance of Turbo Blower 

For the turbo blower the use of displacement air measurement no 
longer holds; and I have shown that the ratio between displacement and 
actual air is a variable, not a constant. The experience gained from the 
large number of units installed where air-governor measurements are 
available shows a variation in the air consumption per pound of coke 
from a minimum figure of 45 cu. ft. to a maximum of 55, depending upon 
local conditions, such as quality of coke, tightness of air valves and blast 
mains, etc. This experience teaches that 50 cu. ft. per pound is a safe 
and conservative figure for plants where all sources of loss are properly 
looked after and removed. Furthermore, I have shown the steadiness 
of the air current and consequent decrease of coke ratio due to the in- 
creased iron production resulting from this; however, I shall not in this 
discussion take any account of the effect of this, leaving it to future 
determination yrhen more data are in my possession. We now have, for 
the turbo blower, the following data: 


® H. J. Freyn; Bulletin of the American Iron and Steel Institute, p, 65 (1913) . 
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Production of pig per day 450 tons 

Coke per ton, as before . . .... 2,240 lb. 

Actual air per pound of coke. . 50 cu. ft. 

Total air per minute " = 36,000 cu. ft. 

^ ou 

As is well known, the friction loss in blast mains, stoves, tuyeres, and 
through valves is less for steady than for fluctuating flow. In the case 
of steam pipes it is common practice to make the pipes to steam turbines 
much smaller than in the case of similar pipes to steam engines. 
Also, the steady flow of air from a turbo blower maintains better condi- 
tions in the furnace and results in a freer flow through the charge. 

For this reason, a lower blast pressure is needed with this type of 
blowing apparatus. This lower blast pressure of course decreases the 
power and gas consumption of the turbo blowers, but no account is taken 
of this item in the following computations: 

We then have 

Theoretical horsepower required to compress 100 cu. 

ft. of air to 15 lb 5 

Making use of 200 lb. steam pressure, 200° super- 
heat, and 28.5 in. vacuum (conditions actually 
obtaining in a number of electric power stations) 
we shall have steam consumption of turbine used as 

driver, pounds steam per shaft horsepower-hour 9.35 

The shaft efficiency of the compressor has been as- 
sumed as 70 per cent., a result derived from many 
actual tests of such apparatus as safe and conserva- 
tive. 

We then have 


5 X 3 50 _ 2 500 shaft horsepower. 
0.70 


The heat supplied to the steam by the boilers will be 

B.t.u. 

Initial total heat 1,307.5 

Final heat of liquid 60 . 1 

Heat supplied by boilers per pound of steam 1,247 . 4 


We can now determine the gas required for the boilerg, which is 


2,500 X 9.35 X 1,247.4 


= 404,000 cu. ft. of gas per hour. 


103 X 0.70 
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We now have the following comparative results: 


Gas Consumption in Cubic Feet per Hour 


Reciprocatiag 
Steam Engine 

574,000 


Reciprocating 
Gas Engine 

335,000 


Turbo 

Blower 

404,000 


The table above shows that in order that the reciprocating steam blow- 
ing engine should equal the turbo blower in gas consumed it would be 
necessary to reduce its steam consumption to slightly over 8 lb. per 
indicated horsepower per hour, a result manifestly impossible to accom- 
plish with any known practical apparatus. 

I shall now discuss these figures in reference to the operation of a steel 
plant containing eight blast furnaces and ample use for electric power. 

It is usually assumed that a 450-ton blast furnace produces 150,000 
cu. ft. gas per ton of iron, or 


150,000 X 450 X 8 
24 


= 22,500,000 cu. ft. gas per hour 


in a plant of eight blast furnaces. 

Of this 40 per cent, is consumed in stoves and leakage, leaving 60 per 
cent., or 


13,500, OjO cu. ft. gas per hour 

available for blowing and the production of electric power. 

I shall discuss two types of installations: 

A — ^Blowing station with gas-engine blowing engines. 

Electric station with gas-engine driven electric generators. 

B — ^Blowing station with steam-driven turbo blowers. 

Electric station with steam-driven turbo generators. 

In the gas blowing station will be installed 20 gas-blowing engines. 
In the turbo-blower station there will be 10 turbo blowers. 

In the gas-electric station, where the units will be of 2,000-kw. 
capacity, there will be 32 units. 

In the turbo-electric station six 10,000-kw. units will suffice. 

The comparative results on this basis are given in the following table : 
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Comparison of Turbine and Gas-Engine Driven Blowing and Electric Plants 
for Eight 450-iow Blast Fu 

1. Cubic feet of gas per hour required for blowing 

eight furnaces as per previous work for one 
furnace 

2. Subtract (1) from 13,500,000 (the total gas 
available) to give cubic feet per hour of surplus 

gas * 

3. B.t.u. per cubic foot of gas (including sensible heat 

to boilers) 

4. B.t u. per hour in gas for electric station (surplus 

gas) 

5. B.t.u. per kilowatt-hour (see next table) 

6. Kilowatts producible in electric station from 

surplus gas / 

7. Total kilowatt capacity installed in electric 

station 

8. Cost of electric station per kilowatt installed 

(using lowest figure^ for gas electric station quoted 
in any publication but believed to be far too low 
for the ordinary purchaser) 

9. Total cost of electric station 

10. Shaft horsepower of blower per furnace (see 

above) 

11. Shaft horsepower of blowing house as installed . . 

12. Cost of blowing station (lowest published® f or gas 

engine) per horsepower (rated) installed — ^actual 
figures for steam station 

13. Total cost of blowing station 

14. Total cost of plant, (9) plus (13) 

la order that the turbo-electric station shall produce the same total 
kilowatt output as the gas-electric station it will be necessary to make, 
by coal burning 

54,600 - 41,900 = 12,700 kw. 

To generate this will require 

12,700 X 26,200 == o20,U00,'.'u0 B.t.u. per hour from coal. 

Tons of coal per hour at 24,000,000 B.t.u. pdr ton 

32n,(j0>j,0('0 _ 

24,000,000 ■ • 

At $1 per ton, as in the Pittsburgh district, this means a cost for coal 
of $13.33 per hour. 

Cost of this make-up coal per year at $1 per ton: 

365 X 24 X 13.33 = $116,770. 

^ Arthur West: Discussion, BuUeiin of the A-Tnericon Iron and Steel _InetitVitet p. 
65 (1913). 

® Idem, p. 66. 


A B 


2,680,000 

3,232,000 

10,820,000 

10,268,000 

95 

103 

1,028,000,000 

18,820 

1,056,000,000 

25,200 

54,600 

41,900 

64,000 

60,000 

$68.06 

$4,355,840.00 

$50 00 
$3,000,000.00 

2,630 

26,300 

2,500 

25,000 

$74.60 

$1,959,400 

$6,315,240 

$50.00 

$1,250,000 

$4,250,000 
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I shall assume, as is done^ at the Gary works of the TJ. S. Steel Corpora- 
tion, 15 per cent, fixed charges for the gas-engine plants, and, as is the 
common custom^® in large turbo-electric plants, 11.5 per cent, fixed charges 
for the turbo blower and electric plants. 

Then we have 



A 

B 

Interest, depreciation, and taxes, per cent 

15 

11.6 

Total fixed charges 

. ... $947,286 

$488,750 

Operating Costs of Blower House. 

Gas cleaning 

35,200 


Plant operating and maintenance. 

labor 


and supplies 

. . . . 100,100 

83,000 

Water“ 

8,800 

12,000 

Total blower operating costs 

... $144,100 

$96,000 

Operating Costs of Electric Station. 

CXvkA plAfl-niTlD* - - - - 

ai 0.5.600 


Plant operating and maintenance, labor 


and supplies 

. . . . 298,600 

227,500 

Water “ 

.... 26,400 

36,000 


‘ $430,600 

$263,500 

Total operating costs and fixed charges per 


year 

. .. $1,521,986 

$847,250 


The difference between these operating costs 


$1,621,986 ~ $847,250 = $674,736. 

The cost of make-up coal to bring up the output of the turbo-electric 
station to that of the gas-electric station at $1 per ton was found above 
to be $116,770. 

8 H. J. Freyn, Gas Engine in Modern Blast Furnace and Steel Plants, Bulletin of the 
American Iron and Steel InstitiUej p. 47 (1913). 

10 This figure is customarily allowed by large public service corporations and is 

made up as follows: 

Per cent. 

Depreciation of machines, 6 per cent., and buildings, 

3 per cent., averaging 

Interest ^ 

Taxes and insurance ? 

11 § 

“ The costs of water for the steam blower house and electric station are taken 
high for extreme cases. IJsuaUy they would be greatly lower than the figures given. 
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It will be seen that the above difference in operating costs and fixed 
charges will not be wiped out until the cost of coal has risen to 


8674,736 

116,770 


85.78 per ton. 


The gas-plant costs have been based on an average kilowatt loau 
substantially equal to that produced by the average gas. Actually this 
could not be obtained in the gas plant without some producers banked 
as reserve for periods of poor gas and peak loads. The cost, feed 
charges, fuel costs, maintenance and operating charges of such a bank of 
producers have been wholly omitted. Such an arrangement would not 
be necessary in the case of a steam plant, as the boilers furnish sufficient 
heat-storage capacity and can be forced to any desired amount without 
additional plant. The cost of this reserve capacity must be added to the 
cost of plant, heretofore estimated, to put the two plants on an equality 
and will operate to increase the advantage of the turbine stations over the 
gas engine and increase the limiting cost of coal at which the two types 
become equal in operating costs. 

The above figures take no account whatsoever of the improvement 
in quality and quantity of output from the furnace due to the use of 
the turbo blower, which will be all gain over the above figures. 

The figui’es for the gas engine are based on the lowest obtainable. 
I believe them much too low for the average plant. 

The figures for the turbo-blower and turbo-generator plants are 
taken on a very conservative basis. 


Conclusions 

From the foregoing the following conclusions are justified: 

Turbo blowing engines give a steadier blast and a better measurement 
of blast than any other form of blowing apparatus for blast furnaces. 

Steadier and better measured blast gives better conditions in the 
furnace, which leads to increased output and improved quality. 

Turbo blowers operate with less attention and are more flexible in 
service than any other form of blowing apparatus for blast furnaces. 

The gas consumption of the reciprocating steam blowing engine is so 
high as compared- with that of a turbo blower, that it is not possible with 
any form of blowing engine in sight to come within reasonable range 
of the turbo blower in this respect. 

Taking the best figures published by gas-engine manufacturers as 
representing the efficiency of the gas engine in practice and comparing 
them with the turbo-blower station in which modern steam practice is 
availed of to secure the efficiencies which are being obtained in turbo- 
electric stations, with reasonable allowances for the difference in fuels, 
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the gas consumption of the turbo blower is only 20 per cent, in excess 
of the gas blower. 

Comparing blast-furnace and steel-works installations involving a 
plant containing eight blast furnaces with ample use for surplus gas and 
contrasting gas blowing and gas-electric stations with turbo blowing 
and turbo-electric stations (using the best figures given by any gas-engine 
advocates for the gas engine, and usual and conservative figures for the 
steam stations), the saving in operating costs and fixed charges by the use 
of the steam plant is so great as to make it necessary that coal should rise 
to $5.78 per ton in order that the cost of make-up coal to give the same 
outputs in the steam-electric and gas-electric stations could wipe out this 
saving; while with coal at present and usual prices, the saving by use of 
the steam turbine in such stations is very large. 

The steam practice of our blast furnaces and steel works is hopelessly 
behind the times and needs entire revision, but with modern economical 
steam practice applied to such plants, the turbine-driven plant can be 
operated at lower cost with less stoppage and loss of product, and wnth 
a larger product for the same furnace of better quality, than by any 
other prime mover now in use for the purpose. 

In practice, with a load factor of 75 per cent, in the electric station 
and 80 to 85 per cent, in the blowing house, the gas units will be operating 
below their maximum efficiency; and owing to their low mechanical effi- 
ciency and lessened thermal efficiency at light loads, will suffer consid- 
erably more under these conditions than the turbo blowers, which are 
designed for best efficiency at average operating conditions, or than the 
turbo-electric units, which have a remarkably good efficiency at light 
loads. Hence the above comparisons are unduly favorable to the gas- 
engine stations. Fuithermore, neither gas nor turbo electric stations 
will generate sufficient power for the requirements of the steel mills to 
which they will be an adjunct; and the deficiency must be made up by 
additional units, the fuel for which must be coal. With gas-electric power 
units, gas producers must be installed; and since the requirements of a 
steel plant for power are very variable and the power station must 
be aways ready to supply the demand these producers will be banked for’ 
considerable periods; while the turbo-electric plant, by reason of the 
heat-storage capacity of boilers, will be always ready to meet the demand 
with little or no banking. Therefore, this part of the plant must 
inavitably be steam driven. 

For smaller plants with fewer furnaces the advantage of the turbine- 
driven units becomes more and more considerable; apid for plants with less 
than four furnaces, or for plants where use for the surplus gas does not 
exist, the turbo blower is without competition in adaptability to the 
blowing of blast furnaces by reason of its flexibility, quick adjustability 
to different furnace conditions, automatic control of pressure to maintain 
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a constant rate of flow into the furnace an.d steadings of blast, resulting 
in improved furnace conditions. 


Appendix 

CoTnputatiou of British Thertnotl Units per EhlowoU-HouT for Gos^Electric and TuthO' 

Electric Generating Stations 


I. Gas-Electric Station 

Per Cent. 

Maximum shaft efficiency 25 

Average shaft efficiency during operation at good 


unit load factor 21 

Average generator efficiency 93 

Average over-all efficiency, 0.21 X 0.93 = 19.5 


Allowing 8 per cent, of average load for auxiliaries, 
net average over-all efficiency = 19 . 5 1 . 08 . . . 18.1 


II. Turbo-Electric Station 


Maximum Average Efficiency 
Efficiency at Grood Unit 

Load Factor 


Boiler 0.80 

Generator 0.95 

Turbine 0.76 


Available energy (200 lb. per sq. in., 200® F., 

28.5 in. vacuum 

Heat added to stelam in boiler 


0.70 

0.93 

0.70 

398.3 B.t.u. 
1,247.4 B.t.u. 


Over-all ^ciency = 


398.3 X 0.70 X 0.70 X 0.93 
1,247.4 


= 14.6 per cent. 


Allowing 8 per cent, of average load for auxiliaries. 


net average over-all efficiency = 14.6 -r- 1.08 = 13.5 per cent. 
Hence the following figures, for electric stations with good load factors 
such as would occur in such plants, allowing for all auxiliaries, are per 
kilowatt-hour; 


Gas-engine station 3,412 0.181 = 18,820 B.t.u. 

Steam-turbine station 3,412 -r- 0.135 = 25,000 B.t.u. 


Discussion 

S. G. Valentine, Oxford, N. J. — ^In a paper read at the New York 
meeting of the Institute last February I presented some notes taken from 
our experience with the turbo blower operating on a blast furnace. In 
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connection with Mr. Rice’s very interesting paper there are a few items 
that might be of further practical interest. 

The question of the reliability of this type of blower will naturally 
be presented. In this connection we would say that our turbo blower 
has been in practically continuous use during the present blast, which 
was begun June 7, 1912, with only three interruptions for repairs of any 
consequence. Soon after blowing in there was developed a tendency of 
the blower to surge or pulsate. This occurred on operating at a point 
considerably below the normal capacity of the machine, and was checked 
with comparatively little trouble by throttling the intake slightly and 
taking up a small lost motion on the governor connections, a legacy of 
the previous blast that had not been attended to. All this required only 
a few hours’ time. In March, 1914, the furnace being banked on account 
of a blizzard that cut off our freight deliveries for five days, the oppor- 
tunity was used to replace the carbon packing on the steam-turbine shaft 
and to repack the steam inlet valves. In June, 1914, the blower was off 
8 hr. to replace an oil ring and scrape a bearing. With these exceptions 
we have made continuous use of the machine and find we can depend 
upon it with entire safety as a piece of machinery. 

It is reliable also in regard to its air deliveries. Being the first one 
built this blower was designed to throw a larger volume of air than we 
are able to use and is therefore run at below its normal rating, and at 
our running speeds the actual quantity of air furnished is probably a 
trifle more than the calibration would indicate. This, in our case, 
might amount to 1 or 2 per cent. However, the regularity of the amount 
delivered is evidenced by the general regularity of the furnace opera- 
tion, and we find we can rely on prompt and automatic adjustments to 
pressure variations, maintaining thereby a constant volume. It is 
rather difficult to show either graphically or in figures the element of 
furnace regularity; and, of course, in addition to variable blast volume 
there are a number of other things that might affect the regular working 
of the furnace. Eliminating these items, however, there is evidence in 
our daily experience of very regular driving and freedom from any 
tendency to slip or hang, as well as regularity of quality in our product, 
for which we are inclined to give very much credit to regularity of 
blast used. When running on basic iron it is not unusual for the furnace 
to make 90 to 93 per cent, of standard basic on a magnetite mixture, 
75 per cent, of which carries sulphur to the extent of 0.50 to 0.70 per cent., 
which is quite satisfactory. 

While not able to present any formal statements as to cost of op>erat- 
ing and maintenance as compared with the other reciprocating steam or 
gas engines the figures for our own case may be of interest. For all 
repairs, including packings of all sorts, all pipe fittings, etc., used directly 
and indirectly during the last 28 months, there has been expended 
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$227.15. For oil, waste, and all similar supplies the amount for the same 
period has been $159.22, or for both above items slightly more than two 

mills per ton of pig iron produced. r j-u + 

Mr. Eice’s paper includes a very interesting description of the tests 
made to determine the difference in the vibration of the air deliveries 
from rotary and reciprocating engines. The results obtained by him 
seem to bear out what our experience would have led us to expect in this 
particular. I am personally convinced that a continuous stream of air 
is better than a pulsating stream of air as far as the smoothness and 
regularity of furnace operating is concerned. It would be perhaps 
difficult to specify any particulars observable in regard to this item. 
But certainly whatever difference may be shown to exist as be^een 
these two types of air-current deliveries to the tuyeres would be m 
favor of the most regular delivery obtainable, which seems to be secured 
in the highest degree from a rotary engine. 


W. McA. Johnson, New York, N. Y. — The question of turbo blowers 
vs. piston blowers can be considered, in my judgment, entirely in the 
light of engineering economics. This gives the verdict to the turbo 
blower entirely on the capital cost, along the following lines of reasoning . 

We can admit that for pressures of 25 lb. per square inch the piston 
blower has a somewhat better volume efficiency, say 85 per cent, as 
against 75 per cent.; better mechanical efficiency; and makes less flue 
dust in smelting than the turbo blower. But the capital cost of the turbo 
blower must sooner or later prove to be one-third to one-half that of the 
piston blower, remembering that modern high-speed turbo generators 
sell in large sizes for as low as $10 per kv.a., or even lower, as against a far 
larger sum per unit for the slower-speed reciprocating equivalent. 

It is reasonable then to suppose that eventually turbo blowers will 
sell for “so much per pound.” Then a great deal of ^ mv* is raced 
through a few tons of iron, steel, and brass in the case of the turbo blower. 
Now when new construction of blast furnaces does come, as come it will, 
the turbo blower will appeal to bankers and to such engineers as partake 
of their views, for reason of its low capital cost as compared with that of 
the reciprocating blower. 

Air is cheap and we can waste it. So is power and we can waste it. 
But capital is scarce and we must conserve it. The advance in the state 
of art is now so rapid that “commercial obsolesence” demands high 
charges for depreciation in metallurgical industry. It is good finance 
that places this at a minimum of 15 per cent, per annum. To my mind, 
this consideration is all important in making a comparison of the future 
of the turbo blower. The commercial history of the centrifugal vs. the 
reciprocating pump has shown the same to be true ifl the past. 


L. IvEKSBN, Pittsburgh, Pa. — I would like to give you a few figures 
showing a comparison between the turbo blower and the modern re- 
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ciprocating steam blowing engine of the latest type with blowing cylinders 
equipped with automatic plate valves, and I will place the steam-engine 
driven reciprocating blower on exactly the same basis as the turbo blower 
described by Mr. Eice, both in respect to the amount of air delivered and 
the steam and vacuum conditions. 

I will not discuss the question of how much air is required to burn a 
pound of coke in the blast furnace, but I believe I am safe in saying that 
it will require the same amount of air for'equal conditions in the furnace, 
whether same is supplied through a reciprocating or a rotary machine. 
I will base my figures on 65 cu. ft. of air per pound of coke, or 46,500 cu, 



Crank end of cylinder, low-pressure air side. Cylinder 84 in. diameter; 60 in. stroke; 
57 revolutions; boiler pressure 130 lb.; vacuum 26 in.; blast 20 lb. 

Fig, 10. — Indicator Card from Eeciprocating Blowing Engine. 


ft. per minute for the same size furnace as discussed by Mr. Eice, which 
will give us a theoretical air horsepower of: 


45,500 X 5 
100 


2,275. 


The modern blowing engine cylinder will give a compression efficiency 
of 95 per cent, and a mechanical efficiency of 97 per cent., which would 
give a horsepower at the piston rod of: 

2 275 

0 95 X 0 97 ~ th6 sngine, 


against a shaft horsepower of: 

2 275 

0 W ~ turbo blower. 

An indicator card taken from a blowing cylinder of this kind is shown 
herewith, Pig. 10. This card was taken with a five-scale spring and in the 

VOL. L. — ^9 
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most careful maimer. It will be noted that the suction line rises above 
the atmospheric line at the end of the stroke. This card shows a volu- 
metric efficiency of greater than 100 per cent, and the maximum suction 
below the atmosphere is 0.18. After deductions have been made for rise 
in temperature and valve resistance, we get from measurements a com- 
pression efficiency of 95 per cent. • . j 

If we substitute 3,250 shaft horsepower for the turbo blower instead 
of 2,600 and accept Mr. Rice’s figures of 404,000 cu. ft. of gas per hour 
for 2,600 hp., we get a gas consumption for the turbo blower of: 


~ 625,000 cu. ft. per hour. 

In order to utilize the available energy assumed for operating the 
turbo blower to advantage in the steam engine, namely, 200 lb. pressure, 
200° superheat, and 28^ iii- vacuum, we will install cross-compound 
engines and operate same non-condensing with a low-pressure turbo 
generator which will take the exhaust steam from the engines and readily 
get the benefit of the 28M in. of vacuum. 

The steam consumption of this type of engine per indicated horsepower 
per hour will be 17 lb., the mechanical efficiency 88 per cent., and the 
steam consumption per hour: 


2,470 X 17 

0.88 


= 48,000 lb. 


The steam consumption of the low-pressure turbine will be 27>^ lb. per 
kilowatt and the kilowatt output: 


48,000 

27.5 


1,750. 


Assuming 25,200 B.t.u. per kilowatt (which I believe is far too low) and 
103 B.t.u. per cubic foot of gas, we get: 

1,750 X 25,200 _ qqq of gas, which amount is to be credited 
103 

to the total amount consumed by the steam-engine driven reciprocating 
blower. This is using: 


48,000 X 1,247.4 
103 X 0.70 


= 830,000 cu. ft. per hour. 


Deducting 430,000 which we are getting back in the kilowatt output, 
we get a gas consumption chargeable to the steam-engine driven recip- 
rocating blower of 400,000 cu. ft. per hour, which is equivalent to 
producing an indicated horsepower in the engine on less than 8% lb. 
of steam per hour considering the combined installation. 

From the above it will be seen that the turbo blower uses 125,000 
cu. ft! of gas, or 32 per cent., more than that required to operate the 
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reciprocating blower, and since the cost of installation of the steam- 
engine driven reciprocating blower and the turbo blower will be approxi- 
mately the same, it is evident that the turbo blower cannot compete with 
the former for blast-furnace work, no matter how well the structural 
difficulties have been overcome. 

You will note the tremendous difference in the results obtained by 
me and those given by Mr. Rice, and since the point at issue is of great 
importance, I would suggest that a commission of disinterested parties 
be appointed to observe the results, witness and make tests in order to 
determine whose assertions are correct. As for m37self, I caimot accept 
Mr. Rice’s methods of measuring the air to the turbine and by means' 
of the theoretical horsepower required to compress this air and the 
efficiency of the machine, to get the steam consumption. I would mea- 
sure the steam going to the turbine, or possibly measure both the steam 
and air; the one method would then check the other. I have reasons to 
believe that if such a commission were appointed, they would not only 
discover the fact of the poor efficiency of the turbo blower, but also 
that the increased furnace efficiency expected from the turbo blower, due 
to steady blast, does not materialize and that the furnace works better 
with reciprocating blowing engines. 

The reason for this is very easily explained when you consider that 
the air pressure is governed by the furnace. The amount of air delivered 
through the reciprocating blower will have to go through the furnace, 
no matter how much the pressure increases. With the turbo blower, 
however, it is different; its speed must correspond to the pressure against 
which it has to deliver. If the pressure tends to increase, due to the fur- 
nace, the turbo blower must speed up or it will chum part of the air. 
While the speed of the turbine can be regulated from the pressure, never- 
theless there must be .an increase in pressure first before there can be 
any force to act on the regulating mechanism of the turbine. The regu- 
lator cannot be made to act on too small pressure differences or it will 
cause a surging of pressure exactly the same as an engine governor that 
“hunts.” If the regulation is effected by the volume, the effect will be 
exactly the same as above for the reason that a reduction in volume at a 
certain speed of the blower could only result from an increased delivery 
pressure. 

J. E. Johnson, Jr., New York, N. Y. — Referring first to the question 
of the delivery of the turbo blower, at the February meeting of the In- 
stitute Mr. Valentine gave the results which he had obtained by the 
use of one of these blowers and claimed that his furnace had only re- 
quired with its use 41.5 cu. ft. of air to burn 1 lb. of coke. I criticized 
this statement at the meeting as being less than practice indicated as at 
all probable. Professor Richards censured me for making this criticism, 
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but when I afterward intimated how strong were the grounds on which I 
made it, he calculated from Mr. Valentine’s figures the amount of air 
which must have been blown, using the weights of mateiials charged and 
the gas analysis, and wrote me that I was entirely correct and that Mr. 
Valentine must have been using 15 per cent, more wind than the amount 
he stated, which was taken from the indicator of the turbo blower. 
This seems to me to show conclusively, especially when taken in conjunc- 
tion with other data along the sanae line, that the cahbration of this 
turbo blower was in error by a large percentage and that it was deliver- 
ing considerably more wind than it took credit for. This error follows 
through all Mr. Rice’s calculations. He has assumed that it takes 25 
or 30 per cent, more air with the reciprocating engine, measured by piston 
displacement, than wfith the turbo blower and be has based all his figures 
for power consumed in the two eases upon this assumption. He is prob- 
ably 15 per cent, too liberal to the turbo blower and not liberal enough 
by 5 or 10 per cent., on the basis of volumetric efficiency, to the recip- 
rocating engine. 

In regard to the steam engine, it seems to have been forgotten that 
in the country of the blind the one-eyed man is king, and that the turbo 
blower with its economical steam end may easily distance old, badly de- 
signed and perhaps worn-out blowing engines, and yet not equal modern 
ones in good condition. I, myself, have run an old engine at 19 revolu- 
tions with its outlet valve tightly shut, and there is no doubt that a 
turbo blower would beat this performance, particularly as its steam con- 
sumption per indicated horsepower hour was not less than 50 lb.; but 
the steam engine has not stood still and a reciprocating blowing engine 
of good, modem design, working under the conditions specified by 
Mr, Rice for the turbo blower, 200 lb. steam, 200° superheat, 283^ in. 
vacuum, of modern size and at a reasonable piston speed, will deliver an 
indicated horsepower for from 8 ^ to 9J^ lb, of steam. The mechanical 
efficiency of a reciprocating compressor is probably higher than that of 
any other reciprocating apparatus because of the way in which the 
inertia of the reciprocating parts can be used to balance the changes in 
pressure in the steam and air ends. Ninety-five per cent, mechanical 
efficiency has been done by such engines and I have in my possession 
cards from one such engine showing 92 per cent. The volumetric 
efficiency is about 96 per cent, and the diagram efficiency about as much. 
The net result of these figures is that an air horsepower can be delivered 
by such an engine with about 10.4 to 11 lb. of steam, whereas the turbo 
blower on Mr. Rice’s own showing requires 13.35 lb. The much smaller 
amount of power required, some 2,100 hp. as against the 2,500 required 
by the turbo blower, offsets the slightly higher cost of the reciprocating 
engine and gives a plant complete for just about the same expenditure 
as is required for the turbo blower, leaving the much smaller steam con- 
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sumption of the reciprocating engine as a net advantage. In addition 
to the smaller boiler power required for the reciprocating plant, there is 
the further advantage of the very much smaller condenser, since the engine 
will get along almost as well on 26 in. vacuum as on 28^, and only 
requires a condenser one-third as large and about one-third as much 
condensing water to produce it. On the other hand, it is a matter of 
common knowledge that the turbine loses efficiency very rapidly as the 
vacuum falls off. It is entirely impossible in three out of the four iron- 
producing districts in the country to obtain condensing water which 
will give a vacuum of 28J-^ in. for any considerable proportion of the 
year and as a result the possible economy of the turbo blower must be 
materially reduced. 

Moreover, I am advised that a test has been made at the turbo-blower 
plant of the Iroquois Iron Co. and that this machine showed an efficiency 
of 55.6 per cent, against the 70 per cent, claimed for these machines by 
Mr. Rice. If the results of that test are reliable the advantage of the 
reciprocating engine is enormously increased. 

Referring to Mr. Rice’s final computations, he adds together the total 
operating cost of a plant of turbo blowers and turbo generators as 
against a complete gas-driven plant, thereby securing for the turbo 
blowers a part of the admitted advantage of the turbo generator. It 
may well be pointed out that the desirability of using a turbo generator 
should be discussed on its own merits and is entirely independent of 
the question of using the turbo blower. There is the best of reasons to 
anticipate that a plant composed of turbo generators and reciprocating 
blowing engines would prove superior to a plant made up exclusively of 
either turbine or reciprocating engines. 

In regard to the fluctuations of pressure which Mr. Rice has shown, 
these seem to me to be of an order of size so small that it would be im- 
possible to deduce their effect on the blast furnace. It is true that in 
many respects the blast furnace is a very delicate apparatus, but that its 
operation is affected to the extent which Mr. Rice claims by so small a 
fluctuation of pressure as he' shows to exist, is scarcely within the bounds 
of probability. Such superfluous refinements are like tying a micrometer 
caliper to the end of a 50-ft. cotton tape. It is, therefore, impossible to 
admit the validity of Mr. Rice’s claim of increased output, less coke, and 
less flue dust per ton of iron. 

I would like to say that I believe that there is a field for the use of the 
turbo blower. I, myself, have some patents which I regard as valuable, 
covering its use for blast-furnace purposes along certain lines, and 
should be the last to say that there was no room for the turbo blower 
in the blast-furnace business, but it seems to me certain that its field is 
narrower than that assigned to it by Mr. Rice. Where economy is a 
matter of importance, the turbo blower should only be adopted at new 
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plants for reasons independent of economy, such as its small size and the 
small foundation it requires and its freedom from habihty to cause pulsa- 
tions to the earth and consequent vibration to other structures when in- 
stalled on soft ground. , , j 

On the other hand, the turbo blower can be used to enormous advan- 
tage in reinforcing existing plants; using a low-pressure turbine, driven 
by exhaust steam from the existing blowing engines and driving a single- 
stage turbo, which pre-compresses the air, and delivers it to the inlet 
of the air cylinders at 6 or 7 lb. pressure. This greatly increases the 
pressure and volume which the engines can blow, increases the steam 
economy, and reduces the stresses in the engines. 

Kael Nibeckeb, Youngstown, Ohio.— The data as given are most 
interesting and instructive, but several values mentioned do not appear 
to check with the results we have encountered. ^ 

While the actual operating conditions under which we are working may 
be somewhat different from those encountered by Mr. Rice, I do not feel 
that they are vitally at variance with some of the practice which he has 
probably encountered. In order that the information may be of service 
in general, we beg leave to call attention to some points at which we have 
found differences from the conditions as mentioned. 

On p. 105, Mr. Rice speaks of the air delivered by the blowing engine 
as often being only 70 or 80 per cent, of the displacement of the piston. 
While this may be true in some cases, I do not feel that with a modern 
engine, in a reasonable state of repair, there is any justification for the 
volumetric efficiency bemg less than 00 per cent. The only condition 
under which I have encountered the low volumetric efficiency mentioned 
by Mr. Rice is in very old engines or engines which have not been given 
proper attention. 

On p. 110 he states that the superior steadiness of the blast from the 
turbo blower results in less loss in fuel and ore, being evidenced by the 
reduction in the amount of flue dust. While this may be the case under 
certain conditions, it must not be taken too literally. When a furnace is 
blown with a turbo blower it is probably easier to drive the furnace some- 
what harder and the increase of production obtained will probably be 
attended with an increased production of flue dust and a consequent 
rfeduction in yield. Our experience with the turbo blower would tend 
to carry out this assumption. The amount of dust produced would also 
seem to be dependent upon the kind of ore used. From our practice with 
Mesabi ores, we are inclined to believe that more dust may be produced 
by the blower than by the engine under the same conditions of working 
and production. 

On p. 118 Mr. Rice gives a value of 65 cu. ft. per minute as the engine 
displacement per pound of coke. The term cubic feet per minute is 



TURBO BLOWERS FOR BLAST-FTTBRACB BLOWING 


135 


probably a typographical error, as the value should doubtless be given 
as 66 cu. ft. per pound coke. We believe that 53.5 would probably be a 
better value for modern practice. In case even as low a volumetric 
efliciency as 90 per cent, is assumed, 55 cu. ft. displacement per pound 
of coke -should certainly be ample. We have repeatedly obtained indi- 
cator cards from an engine blowing a blast furnace producing an average 
production of better than 450 tons per day and found the indicated horse- 
power to be not in excess of 2,200 hp. In order to check the amount of 
displaced air per pound of coke with this horsepower, the calculation 
should appear as follows; we then have for the wind blown and horse- 
power developed, using 53.5 cu. ft. of air per pound of coke; 


450 X 2,240 X 53.5 
24 X 60 
5 X 375 
0.94 X 0.92 


37,500 cu. ft. per minute 


2,170 shaft horsepower. 


This checks well with tests made on blowing engines operating 
under conditions similar to the assumptions made in the paper. 

The figure of 53.5 cu. ft. displacement per pound of coke, except in rare 
cases, would seem to be a very fair value and the above calculation checks 
with our practice. 

In assuming 500° F. for the temperature of the gas delivered to the 
boilers, we feel that a very high value has been taken. Allowing 200° 
loss in radiation in piping and gas cleaning, this would require a furnace- 
top temperature of 700° F., and the gas must either be dry cleaned, or not 
cleaned at all. If no cleaning is done, it would be practically impossible 
to maintain an efiicieney of 70 per cent, in the boilers. We will, however, 
assume that the temperature of 700° F. is possible. 

The gas required for boilers for reciprocating blowing engines would 
be as follows : 


2,170 X 14.15 X 1,111.5 
103 X 0.70 


473,000 cu. ft. gas per hour. 


If the above value of 2,170 shaft horsepower is used for the gas engine 
the gas per hour required would be: 

^ ~ hour. 

The assumption of steam conditions, efiicieney, etc., made in calcu- 
lating the gas per hour required by the turbo blower is good power-plant 
practice. I believe, however, that most blast-furnace plants would 
hesitate to install equipment for this pressure and superheat. 

If the blower is figured on 150 lb. steam pressure and 28 in. vacuum, 
which I believe is more in accordance with present blast-fumace praetice, 
the calculation appears as follows: 
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Assume 12 lb. of steam per shaft horsepower. 

= 2,500 shaft horsepower. 


The heat per pound of steam is determined as follows: 


Irdtial total heat 1,194.6 

Final heat of liquid _ 69.1 

1,T25.5 


2,500 X 12 X 1,125.5 
103 X 0.70 


468,000. 


Summarizing the gas requirements of the installations in cubic feet per 
hour, we have: 


Reciprocating 
Steam Engine 

473,000 


Reciprocating 
Gas Engine 

277,000 


Turbo Blower 

468,000 


In the summary, the turbo blower shows a slight advantage over the 
reciprocating steam engine in gas consumption. This saving would be 
increased, due to the higher charges of investment, maintenance, de- 
preciation, and attendance made against the engine. This, difference in 
gas consumption may be very easily entirely eliminated by the excess dust 
produced when using Northern ores. 

In conclusion, I would hke to ask Mr. Rice how changes of atmos- 
pheric temperature and pressure affect the regulation of the machine; 
i.e., if the temperature or pressure of the air changes and the governor 
setting is the same, will the amount of free air delivered by the blower 
vary more than that delivered by the engine under similar conditions? 

Considering the governing device as a restricted area having the usual 
thermodynamic formula of velocities, 



and the ordinary formula for impact being 


E = 


Mv* 

2 


the impact by the disk becomes 
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In which, 

E = Energy 
C = Constant 

F 1 = Area in square feet of upstream section 

F2 = Area in square feet of disk 

Pi = Absolute pressure at upstream section 

P2 = Absolute pressure at disk 

71 = Weight of 1 cu. ft. of gas at upstream section. 

It then appears as though the effect of temperature and pressure 
changes may be exceedingly complicated and quite different from what 
might be expected from a superficial study of the governor. 

W. Teinks, Pittsburgh, Pa. — Mr. Rice’s paper on turbo blowers is 
doubtless interesting, but as I view it, mining engineers are particularly 
interested in machinery concerning mining operations directly, and for 
this reason I shall not only speak about turbo blowers, but also about 
turbo compressors. 

On a trip which I recently made through England I found that one of 
the foremost engineering firms of Great Britain had built a number of 
turbo blowers for blast furnaces, but had built only a disappointingly 
small number of turbo compressors for mining purposes, whereas that 
same firm was a very extensive builder of reciprocating compressors for 
mines. Upon inquiry as to what caused the difference between these 
two products, and what made the turbo blower applicable in England 
when so few were used elsewhere, I was informed that the turbo blower 
can be used in England for blast furnaces on account of the following 
facts; 

(1) The ores are lumpy and open. 

(2) Coal is very cheap. 

(3) The blast furnaces are low. 

(4) The rate of driving the blast furnace is very slow compared to 
American practice, so that the pressure is low. 

On the other hand, with air compressors the pressure is high, fuel 
prices are high at most mines except at coal mines, and last, the demand 
for air is irregular. It is a well-known fact that turbo blowers, from a 
certain percentage of rated delivery downward, show heavy pulsations 
and surging, which make the operation irregular and uneconomical. 

Originally I had intended to li mi t my discussion to the foregoing 
remarks, but statements made here by other parties compel me to add to 
what I said before. First, I wish to speak about the statement which 
was made concerning the cost of installation of the turbo blower being 
so much lower than that of the blowing engine that the bankers would 
compel engineers to give preference to the turbo blower. With this I 
disagree, because I am convinced that any comparison leading to the 
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above given conclusion is made on the basis of engines as they were 
built 10 to 15 years ago. Engines built at that time run even now at a 
piston speed of 300 ft. per minute, whereas blowing engines built within 
the last five years are running at piston speeds of 600 to 800 ft. per minute. 
When it is remembered that the cost of a blowing engine per unit of air 
delivered is almost inversely proportional to the piston speed, it is evident 
that a modern blowing engine costs a great deal less than the old-time 
slow-speed blowing engine. This is information for the banker, further- 
more, blowing engines are more eflS.cient now than they were formerly. 
Blowing engines with mechanically operated valves get out of adjust- 
ment, as may be proved by the fact that in one case with which I am 
familiar three such blowing engines which ran at 30 rev, per minute 
produced no more wind than one modern blowing engine of the same size 
running at 72 rev. per minute. Evidently the cost of wind production 
from the standpoint of first cost only had in this case been divided by 
three, although only reciprocating blowers were employed in the plant. 

The statement was made that blowing equipment would have to 
pass through the same course of events as power-generating equipment j 
that is to say, turbo machinery would take the place of reciprocating 
machinery. I disagree with this statement also because there are two 
fundamental physical differences between the steam turbine and the 
turbo blower. The first one is that turbo machinery, such as a steam 
turbine, is most efficient at pressures below the atmosphere, and that 
the engine is more efficient at pressures above the atmosphere. Now, 
in the turbo blower the pressure range below the atmosphere is absent; 
that is to say, the blower must start to work at that pressure where it is 
less efficient than the reciprocating machine. The second reason for 
the lower efficiency of the turbo blower Ues in the great difference be- 
tween the conversion of pressure into velocity and the conversion of 
velocity into pressure. The steam turbine converts pressure into ve- 
locity, which is a highly efficient process. The turbo blower attempts 
to convert velocity into pressure and this is a very different proposition, 
as most of us know who have tried it. 

The question of wear of the reciprocating engine compared to that 
of the turbo blower has been brought up. While I have not had personal 
experience with turbo blowers, I have had a great deal of experience 
with centrifugal pumps, and find that to throw the same quantity 
of water against the same pressure the speed must be gradually increased, 
because the leakage through the wearing rings increases with time. It 
is possible that the same leakage may occur in turbo blowers. 

Finally, I wish to point out the great difference of opinion which 
exists between different engineers on the question of blowing equip- 
ment for furnaces. Whenever Mr, West or Mr, Fre3m reads a paper, 
he proves conclusively that the gas engine is the only equipment that 
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can be considered for blowing purposes and that furnace owners cannot 
afford to install a turbo blower, even if* it were given to them. On the 
other hand Mr. Rice proves just as conclusively that the turbo blower 
is the only right equipment and that gas engines cannot be considered in 
any event. From this standpoint, we should welcome the suggestion, 
which I believe was made by Mr. Iversen, that an unbiased committee 
should be appointed to investigate the relative merits of the two types 
of blowing machines. 

Otto Banner, Phillipsburg, N. J. — There is practically no wear at 
all on the packing rings of turbo compressors or blowers; they stay un- 
changed just as the bearings of steam turbines do. They do not wear 
as they do in centrifugal pumps. In the case of one turbo compressor, 
these rings, after an eight years’ run, were found to be fully as tight as 
when the compressor was started. 

Turbo blowers in Germany are in use only on isolated and small 
blast-furnace plants, the tendency in that country being to prefer the 
gas-engine blower. If for a new machine steam has to be used, turbo 
blowers, and not reciprocating blowers, would be installed. 

The fight between the gas and the steam engine is to a large extent 
decided by the cost of coal, but of late a remarkable development has 
taken place in Germany. They are installing in their newest plants gas- 
driven blowers, but steam-turbine driven electric generators. It would 
go too far to explain the reasons for this, but it is also very remarkable 
that in these new plants they install steam-turbine driven turbo blowers 
as reserves. 

The turbo compressor for 85 to 100 lb. pressure has an undisputed 
field over there in the coal mines, first mixed-pressure and now live- 
steam turbines being chiefly used. The sizes of these units have been 
going up very rapidly during the last few years. 

I advocate very strongly Mr. Iversen’s proposition to nominate an 
independent commission to investigate exactly the merits of the re- 
ciprocating and the turbo blower. In Germany we have been up to 
this same controversy in the early days of the turbo compressor when it 
became necessary to fund means for measuring the air input or output of 
these machines. I have been using low-pressure nozzles of varying sizes 
and the pressure difference used was usually not more than 20 in. of 
water column. The shape of these nozzles was that of a vena contracta; 
they have been adopted by the Society of German Engineers as stand- 
ard for measuring actual delivered or taken-in air for reciprocating and 
turbo blowers and compressors, after a series of very exhaustive tests 
to find out the eflB.ciency of these nozzles. For carrying out these tests, a 
big gasometer was used. 

I wish these nozzles would be adopted in this country also because 
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their use would be fair to builder aad user, and comparisons of all these 
different engines would be possible on the same basis of actually de- 
livered air. Their use is extremely simple, as is also the figuring out of 
the test results. The IngersoU-Rand Co. has been using these nozzles 
during the past few years on its reciprocating and turbo compressors 
and blowers. We have found, for instance, that on a 100-lb. reciprocat- 
ing compressor the actually discharged volume reduced to intake condi- 
tions was 89 per cent., the indicator card showing 93 per cent. 

J. E. JoHNSOir, Jr. — M y remarks were the result of an absolutely 
impartial discussion. I have no connection with any manufacturer of 
engines or turbo blowers; what I said was the result of an investigation 
that was impartial. I have been interested in the subject for a number 
of years. 

H. S. Beaman, Youngstown, Ohio. — The papers have been somewhat 
disappointing, due to the fact that they have been dealing with the 
furnace man's side of the question. We carried on an experiment a short 
time back, which I would not want to go on record as calling absolutely 
correct, with two blast furnaces of exactly the same size, using the 
same percentage of Mesabi ores, and practically the same fuel, one 
equipped with a turbo blower, and the other with a reciprocating engine. 
The air necessary to make a ton of iron in one furnace was 4,362 lb. with 
the turbo blower; on the furnace with the reciprocating engine 4,062 
lb. of air, a difference of 300 lb. 

Another thing we noticed with the reciprocating engine is that the 
furnace makes dust only during times of high pressure, but on the turbo 
blower, the furnace makes dust all the time, high or low pressure. 

J. E. Johnson, Jr. — T he figures I gave as to steam consumptions, 
were based on tests made by mining companies, and made on an engine 
built by one of the best engine builders of the country, and anybody Avho 
desires to get an engine from that builder, can get one with a guarantee 
that it will give better steam consumptions than I have quoted, and 
that guarantee will be backed up by the whole capital of that corpora- 
tion. There is no question about the validity of those figures. 

Arthur G. McKee, Cleveland, Ohio. — Since the installation of 
the first turbo blowers, I have been trying with the resources at my 
command to find out the facts in regard to the advantages of turbo 
blowers versus steam-driven reciprocating blowers and gas-driven 
reciprocating blowers, and I am frank to admit that up to the present time 
I have not been able to get ansdihing which is conclusive and satisfactory 
in my mind in regard to this matter. 

The discussion this morning has been somewhat partisan, which is 
bound to be the case in a large measure in discussions of this sort. How- 
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ever, there are some of us who are absolutely disinterested. We want t( 
find out what is the best blower for the different conditions, regarding 
possible vacuums, fuel cost, and a number of other items which ente 
into this matter in a vital way, and I hope that something will be dom 
by the members of the Institute with this in view, that we may ge 
accurate non-partisan information about this whole matter. It ii 
of great importance to the owners and builders of blast furnaces to kno\K 
what is the best installation under each combination of conditions, takini 
into consideration the fuel cost, the vacuum which is available, the de 
predation cost, the operating cost, and not overlooking the first cost 
which is in some cases more or less lost sight of, but is of very grea 
importance in providing blowing equipment. 

Richard H. Rice (communication to the Secretary*). — The critici 
of the paper all base their remarks on two fundamental errors. Th< 
first of these consists in the ignoring altogether of volumetric effidenci 
as applied to a blast-furnace blowing engine, or in attempting t( 
measure it from an indicator card of the blowing cylinder. Th< 
second is in considering all turbo blowers as alike in operativ( 
characteristics. 

As to the first error, it arises in a confusion of definition. The tern 
“volumetric efficiency” as used by me means the ratio of air actuallj 
discharged from the engine to the displacement swept through by th( 
pistons, expressed in terms of cubic feet of free air at an inlet temperatun 
of 60° F. P. 105 of the paper sets forth clearly the sources of loss of thii 
efficiency and a slight study of these will be sufficient to show the im^ 
possibility of measuring this efficiency by an indicator card. The onh 
way is by actual test as therein stated. 

On p. 115 of the paper the difficulties of measuring the dischargi 
from a reciprocating blowing engine are set forth. Since the paper wa 
presented F. G. Cutler has read a valuable paper dealing with test 
made on reciprocating blowing tubs to obtain the volumetric efficienc] 
(American Iron and Steel Institute, Birmingham meeting, October 
1914), in which he shows that, using his method of throttling the dis 
charge to reduce the pulsations of the flow, the engines tested have i 
volumetric efficiency of about 80 per cent. I believe that Mr. Cutle 
did not fully succeed in eliminating the irregularities of the flow, am 
that if anything this efficiency is too high. Since then, tests that 
have made comparing turbo blowers and the latest design of reciprocatini 
blowing tubs indicate about the same figure which Mr. Cutler gives a 
the value of this efficiency. This being so, the figures of Mr. Iversei 
are quite incorrect. 

Mr. Johnson’s speculations as to what would happen if a certai 


‘Received Mar. 8, 1915. 
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type of reciprocating steam engine having a certain assumed steam 
consumption (which I believe is incorrectly stated) were put to drive a 
blowing engine, are interesting; but such an engine, by reason of com- 
plicated mechanism, small cylinder clearance spaces, etc., is not adapted 
for the rough service of blast-furnace power plants. 

Mr. Johnson^s statement that a test has been made at the turbo-blower 
plant of the Iroquois Iron Co. is, I am informed, incorrect. 

If it be inadmissible to study the details of blast-furnace operation 
in order to determine ways of improving the practice, then my tests on 
fluctuation of blast pressure need not be considered. It is, however, 
by just such studies that advance in the art must be made. 

Among those who fall into the second error which I mentioned are 
Messrs. Nibecker and Braman. Discussing the operation of an ap- 
paratus not fitted with an adequate air governor, they reach the con- 
clusion that the turbo blower makes more dust and produces less iron. 
Both these effects are precisely those which would result from over- 
blowing the furnace and I have no doubt that this is what has been 
done. 

Reports from the furnaces blown by the apparatus described in 
the paper indicate an amount of dust produced rather less than normal 
and an increase in the production, effects which are exactly opposite 
to those reported by Messrs. Nibecker and Braman. 
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The Iron Industry in Brazil 

BY E. C. HARDER, MILWAUKEE, WIS. 
(Pittsburgh Meeting, October, 1914) 


Introduction 

Few mineral deposits have in recent years attracted such general and 
widespread attention as the Brazilian iron-ore deposits, due mainly to 
the quantities of rich ore occurring here, in contrast to the ever-decreasing 
grade of ores shipped from many large producing iron-ore districts of the 
world. The general average grade of the iron ores shipped from the 
Lake Superior district^ has decreased to approximately 50 per cent., 
natural, in recent years. The Rubio ore of Bilbao, Spam,^ in 1890 averaged 
56.5 per cent, metallic iron, dried; in 1902, 52.8 per cent,, while at the 
present time a large proportion of the ores shipped from Bilbao is 
obtained by reworking the old dumps. In northern Sweden, where 
large magnetite deposits have only in recent years been extensively 
developed, selective mining is even now necessary in order to obtain 
high-grade Bessemer ores. During the last two years the iron ores of 
Chile have attracted much attention on account of the activities of the 
Bethlehem Steel Co. and others in the Chilean iron-ore region. Many 
of these ores are of good grade, yielding 67 and even 68 per cent, metallic 
iron, but judging from the writer^s observations in this region a large 
proportion of them will be found to be of non-Bessemer grade. 

The most important variety of iron ore in Brazil is hard, dense to 
specular hematite, occurring in Minas Geraes, A large number (89) 
of analyses of this type of ore have been averaged,® giving the following 
composition: 

Per Cent. 


Iron 69.66 

Phosphorus 0.0125 

Silica 0.24 

Combined HaO 0.38 


^ Personal communication from Prof. C. K. Leith. 

* Whitwell, William : Presidential address, J oumal of the Iron and Steel Instituttf 
vol. lix, pp. 24 to 50 (No. I, 1901). 

* Communicated to the writer by H. K. Shearer. 
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Ie very few places in the world has iron ore been found in marketable 
quantities which even approaches this ore in grade, while in Brazil 
several hundred million tons of such ore are in sight, occurring practically 
on the surface, while besides this rich ore there is an almost incredible 
amount of lower-grade ores, i.e., ores of 60 per cent, metallic iron and 
over. It may be found impracticable, when mining operations com- 



mence, to mine exclusively the high-grade ores, and that admixtures of 
other ores will somewhat lower the general quality of marketed material; 
still it is safe to say that Brazil will be able to furnish for many years ores 
of Bessemer quality which will average more than 68 per cent, metallic 
iron. 

Up to the present time no iron ore has been exported from Brazil, and 
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only a very insigniiScant quantity has been used to supply the small 
domestic furnaces. Plans have been made to ship a small quantity of 
ore from one of the mines in Minas Geraes during 1915, but it will prob- 
ably be several years before any important quantities are exported. 
Conditions are not yet ripe in Brazil for the establishment of an iron- 
smelting industry of importance within the country. As there is no coal 
at present known in Brazil fit for smelting purposes, coal would have to 
be imported from Europe or North America, and since Brazil cannot 
afford a market for any great quantity of manufactured articles of iron, 
it would be necessary to export the greater part of the iron to other 
countries, thus necessitating double transportation, the bringing in of 
fuel and the taking out of manufactured iron. For this reason it is 
proposed to export the iron ore to foreign smelters where the fuel supply 
and the markets for the manufactured products are close at hand. 
Eventually, as the demand for iron in South America increases, smelting 
plants will doubtless be established in Brazil to supply the local market. 

. History of the Iron Industry 

The history of the Brazilian iron industry is centered around two 
regions: (1) Ipanema, in the State of S^o Paulo, where small deposits of 
titaniferous magnetite have been operated intermittently since the 
beginning of the seventeenth century; and (2) Minas Geraes, where the 
extensive bodies of hematite occur which now seem destined to play an 
important part in the iron-ore industry of the world. 

Dr. Derby^ gives the following interesting history of the iron industry 
in Sao Paulo: 

“The colonial records of Brazil register the fact that about 1590 an exploring party 
that set out from the town of SSo Paulo, founded about 40 years before, reported the 
finding of iron ore in a mountain situated 100 kilometers to the southward. Gold 
and silver were also reported from the same region, and acting on this information the 
Portugese Government took measures to promote the mining industry in the colony 
by 'sending out, in 1597, officials especially charged with this mission. The inclusion 
of an iron founder in the party indicates a special interest in the discovery of iron ore. 
One or two small forges were set up which commenced to produce iron probably about 
the year 1600, and continued in activity to about 1629. The place subsequently 
took the name of Ipanema which has ever since been inseparably connected with the 
long, though not brilliant, history of the iron industry in Brazil. There is a reasonable 
probability that the iron produced here was the first to be manufactured on the 
American continent. 

“About the same time a forge was established close to the town of S^o Paulo in 
order to work the argillaceous ore that abounds in the vicinity, but it does not seem 
to have had a prolonged existence 

In 1765 the production of iron was resumed at Ipanema in Sfio Paulo, but again 

4 Derby, O. A.: The Iron Ores of Brazil, Iron Ore Resources of the World, p. 813 
(Stockholm, 1910). 

VOL. L. — 10 
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abandoned after a few years. An attempt made in 1800 to revive the mdustey, t^ 

by "i nana of s hig h fumace, was unsuccessful, and in 1810 a Swedish metallurgist, 
under contract with the Government, constructed four direct-process furnaces which 
continued in operation untU 1818, when two high furnaces constructed by the German 
officer, Frederic von Varnhagen, then in the service of the Portugese Govern- 
ment, were put into operation. These continued in blast, under Government admin- 
istration and with a daily production of 3 to 4 tons until 1895.” 

In Minas Geraes we have the first definite information of the produc- 
tion of iron about the beginning of the nineteenth century, although it is 
reasonable to suppose iron was manufactured previous to this date by 
primitive African methods, with which many of the slaves imported for 
the purpose of working the gold mines in this region were probably 
familiar.® Dr. Derby® states that when Eschwege^ arrived in the district 
in 1811 most of the smithies then existing produced their own iron, either 
in a small furnace constructed for the purpose, or by the spoonful in the 
ordinary blacksmith’s forge. 

Toward the end of 1812 a company formed under the direction of 
Eschwege began to produce iron at the rate of about 1 cwt. per day in a 
direct-process plant erected near Ouro Preto. After, this the process 
spread rapidly, and before long the entire gold-mining district of Minas 
Geraes was dotted with little iron furnaces. In 1853, John Monlevade® 
a French engineer, then operating in Minas Geraes, estimated that 84 
plants producing iron were located in the region between Ouro Preto and 
Itabira de Matto Dentro. These employed at least 2,000 persons, free 
and captive, and produced from 145,000 to 150,000 dvrobas (2,175 to 
2,250 tons) of iron yearly. Derby states that the total number of plants 
in the district in 1864 was estimated at 120. 

Blast-furnace operations have not been extensive in Minas Geraes. 
Dr. Derby® states that an attempt was made to erect a high furnace at 
Mono de Pilar between 1809 and 1814 but it was unsuccessful. 

In 1888, a charcoal furnace about 30 ft. in height and capable of pro- 
ducing about 5 tons of pig iron per day was erected at Esperanca^® 
Itabira do Campo on the Central Railroad of Brazil, and a few years 
later a girniTfl-r furnace with a foundry in connection was built at Miguel 
Burnier, some distance south on the same railway. The Miguel Burnier 
furnace has been idle for many years but the foundry has been operating 

5 Derby, O. A. : Op. ciU 

* Derby, O. A.; Op. dt., p. 814. 

^ Baron W. L. von Eschwege, a Prussian military engineer, employed by the 
Portuguese government during the years 1810 to 1822 to develop the mining industry 
of Brazil. See Tram., xxxiii, 407 (1902). 

* Monlevade, Joflo Antonio de: Letter to President of Province of Minas Geraes, 
Dec. 12, 1853. 

* Derby, O. A. : Op. dt. 

Scott, H. K. : The Iron Ores of Brazil. J ournal of the Iron and Steel Imlitute, vol. 
lxi,’p. 248" (No. I, 1902). 
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with pig iron produced at Esperanca. The Esperanca furnace has been 
operated almost continuously to the present, using principally rubble ore 
obtained from the hills near Miguel Burnier. At the present time it is 
the only blast furnace in South America actively producing iron. 

Direct Process op Iron Manufacture 

There are at the present time about a dozen small plants in the 
Minas Geraes iron-ore district engaged in manufacturing iron from the 
ores by the direct process, that is, without the addition of fluxing material. 

For smelting the ore by the direct process two types of furnaces are 
used: (1) the closed or crucible furnace, and (2) the open or Italian furnace. 


Photo by H. K. Shearer 

Fig. 2. — Serka do Caraca at Alegria. The ridge on the skyline consists 
OP quartzite; the bare ridge in the middle background is iron formation. 

While nearly all the plants have furnaces of both types, the crucible fur- 
naces are more extensively used. These are generally arranged in series 
of four, six, or eight. A series of four furnaces will have about the follow- 
ing outside dimensions : 4 ft. high, 5 ft. wide and 10 ft. long. The open- 
ing or crucible itself is a vertical, cylindrical cavity about 2 to 3 ft. in 
depth and about a foot in diameter. From the base of the crucible an 
opening extends through the front wall through which the bloom is 
extracted after firing. In the rear wall of the crucible is a small opening 
which admits the blast, produced by water power. 

The smelting operations consist in filling the crucible with successive 
layers of charcoal and crushed or pulverized iron ore, slightly dampened, 
then igniting and applying the blast. More ore and charcoal are gen- 
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erally added as the charge settles until a bloom of upward of 25 lb. is 
produced, the size depending more or less upon the size of the hammer 
with which it is to be worked. The bloom consists of a mixture of metal- 



1. Caub. 2. Esmeeil, 3. Conceicao. 4. Andeade. 6. Monlevade. 6, Morro 
Agudo. 7. CocAEs. 8 . Bananal. 9. Morro da Mij^a. 10. Alegeia. 11. Fabrica 
Nova. 12. Gebmano. 13. Timbopeba. 14. Capanema. 15. Mutuca. 16. Gongo 
Soco. 17. Gaya. 18. Ag-otas Claras. 19. Jangada. 20. Catta Branca. 21. 
Fabrica. 22, Casa de Pedea. 

Fig. 3. — Map Showing the Location of the Principal Iron-Ore Deposits 

IN Minas Gerabs. 

(Base adapted from a map by Gonzaga de Campos.) 

lie iron, carbon, and slag. This mass, in a semi-molten condition, is pounded 
with a trip hammer, operated by an overshot water wheel, for the purpose 
of eliminating the slag. Very frequently it is necessary to reheat and 





THE IRON INDUSTRY IN BRAZIL 


149 


hammer a bar of bloom two or three times in order to make it fairly free 
from slag, the reheating being done in an ordinary forge. 

The Italian furnace differs from the crucible furnace in being open, 
having only a floor and back wall. In the floor is a hollow or basin into 
which ore and charcoal are fed and in which the bloom is formed. The 
blast enters through the rear wall. 

An ordinary direct-process furnace will produce about four bars of 
bloom daily, each 25 lb. and upward, or between 100 and 150 lb. 
of iron per day. One or two of the existing plants have about 20 furnaces, 
which makes the output of such a plant, when in continuous operation, 
nearly a ton of iron per day. As a rule, however, only a limited number 
of furnaces are operated at the same time. 

The bars of bloom are later hammered into long, thin wrought-iron 
strips and these are manufactured into horse shoes and various agricultural 
implements, such as hoes, brush hooks, etc. 

Fuel 

Good fuel for smelting purposes is scarce in Brazil. Charcoal is 
usually made of poor wood which remains after the hardwoods and timber 
resistant to decay have been cut for building and other purposes. The 
wood remaining after this valuable timber has been removed is usually 
soft and yields a poor quality of charcoal, which serves the purpose 
for direct-process smelting but is unsatisfactory for blast-furnace 
operation. 

Coal occurs in the States of Sao Paulo, Parana, and Santa Catharina in 
stratified rocks of probable Permo-Carboniferous age. It is said^^ to be 
of very poor quality, however, containing a large percentage of pyrite 
which makes it entirely unfit for smelting purposes. Other discoveries of 
coal are reported from the Amazon basin but these have not yet been 
proved to be of economic importance. 

The Iron-Orb Deposits 

The iron ores of Brazil are of two distinct types: (1) magnetite ores 
associated with igneous rocks occurring in the States of Minas Geraes, 
Sao Paulo, Parana, and Santa Catharina; and (2) hematite ores associated 
with metamorphosed sedimentary rocks in the State of Minas Geraes. 

Magnetite Deposits 

The magnetite ores are of relatively little importance, occurring only as 
small scattered deposits. The best known of these are found at Sao 
Joao Baptista, Minas Geraes; Ipanema and Jacupiranga, Sao Paulo; 
Antonina, Parana; and Joinville, Santa Catharina. Other deposits are 


n Communicated to the writer by Dr. O. A. Derby. 
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reported elsewhere in Parana and Santa Catharina and also at localities 
in the States Rio de Janeiro, Minas Geraes, and Espirito Santo. 

The Sao Joao Baptista deposits contain some magnetite of very high 
grade and are said to be extensive. They occur west of Oliveira station on 
the West of Minas Railroad in south-central Minas Geraes. A specimen 


of ore gave the following analysis. 

Per Cent. 

Fe 72 24 

p . ... 0 017 

Siliceous matter • 0 52 

Ti 02 nil. 


The Ipanema and Jacupiranga deposits consist of titaniferous magne- 
tite occurring in pyroxenite associated with nephelinite and apatite- 
pyroxene rocks.^^ As is the case with most ores of this class every 
gradation exists between pure pyroxenite rock and iron ore. The 
content of titanic oxide in the Ipanema ore is said to be relatively 
low, but that in some of the Jacupiranga ores is said to be as high 
as 20 per cent. The Jacupiranga deposits are found in the south- 
eastern corner of Sao Paulo near the sea coast, while those of Ipanema 
are located in the interior in the south-central part of the State. 

The Antonina deposits occur in northeastern Parana close to the 
shore of a bay which extends northward from the port of Antonina. 
Eight or 10 different orebodies occur arranged at intervals along an ap- 
proximately northeast-southwest line. The bodies are in the form of 
rough lenses inclosed in a basic igneous rock resembling diorite. The ore 
varies in grade; locally, masses of pure magnetite occur, but generally 
the ore consists of mixed magnetite and rock. A sample of fairly good- 
looking ore from one of the larger orebodies gave the following analysis. 


Per Cent. 

Fe 64.00 

P 0.031 

SiOa 6.94 

H 2 O (combined) 0.63 

Mn 0.20 


Some of the Antonina orebodies consist of manganiferous iron ore, 
samples taken running as high as 25 per cent, manganese. 

The Joinville magnetite deposits are found about 16 miles southwest 
of Joinville and apparently consist of a number of scattered lenses in an 

^2 Analysis by T. H. Lee, Servico Geologico e Mineralogico do Brazil, Rio de 
Janeiro. 

Derby, 0. A.; On the Magnetite Ore Districts of Jacupiranga and Ipanema, 
Sao Paulo, Brazil, American Journal of Science, 3d ser., vol. xli, No. 244, p. 311, 
(Apr., 1891). 

Analysis by H. K, Shearer, Brazilian Iron & Steel Co. 

Analyses by T. H. Lee, Servico Geologico e Mineralogico do Brazil, Rio de Janeiro. 
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area underlain by granite and gneiss. The outcrops occur in the lower 
foot hills of the Serra do Mar, and are very near the coast, being on the 
edge of the belt of flat lowlands running parallel to the coast line. A 
sample taken over one of the outcrops gave the following analysis.^® 

Per Cent. 

Fe 71.30 

P 0 041 

Si02 0 45 

H 2 O (combined) " 0 19 

Mn 0 43 


Hematite Deposits 

The hematite deposits associated with the metamorphosed sedi- 
mentary rocks in Minas Geraes are the only known iron ores in Brazil to 
which any considerable importance is attached. They occupy a large 
area in the south-central part of Minas Geraes, being practically co- 
extensive with the sedimentary formations in this region. The area 
within which the principal deposits are found is roughly 100 miles long 
from northeast to southwest, and about 60 miles in width. Within this 
region the orebodies are more or less segregated at certain localities. 

The sedimentary series in which the iron ores occur is of probable 
pre-Cambrian age and rests unconformably on a basement of igneous 
rocks consisting of gneiss, granite and various crystalline schists. The 
lowest member of the sedimentary series is a massive quartzite of great 
thickness which is overlain by a thin discontinuous argillaceous schist. 
Above this schist is the remarkable Minas Geraes iron formation, which 
consists largely of a laminated, iron oxide-bearing quartzite known as 
itabirite, but which contains also beds of ferruginous schist and layers and 
lenses of iron ore. The iron formation is overlain by an extensive forma- 
tion of schist and quartzite which contains iron formation and limestone 
beds in the lower part and which grades up into a formation consisting of 
quartzite with some schist, the highest known member of the sedimentary 
series. 

Itabirite, the principal constituent of the iron formation, generally 
consists of alternating layers of quartz sand and iron oxide, but locally it 
consists of a granular mixture of quartz sand and iron oxide. It probably 
makes up more than 95 per cent, of the iron formation, the remaining 5 
per cent, consisting of ferruginous schist and iron ore. Itabirite rarely 
contains less than 30 per cent, metallic iron and from this it grades up, 
with diminishing quartz sand, into ore, the lower limit of which may be 
taken as 50 per cent, metallic iron. Occasionally itabirite, very low in 
iron, apparently grades down into ferruginous sandstone or quartzite. 


Analysis by H. K. Shearer. 



152 


THE IBON INDUSTEY IN BEAZIL 


The iron formation varies greatly in thickness, m places being less 
than 50 ft. and elsewhere more than 4,000 ft. thick. The iron ore and 
ferruginous schist occur interstratified with the itabirite as beds or lenses 
varying in length and thickness. The iron ore appears to be a true sedi- 
mentary formation, laid down at the same time as the inclosing rocks 
and later metamorphosed with them. The iron-ore beds have the same 
strike and dip as the inclosing rocks and outcrop with them at the 
surface. In many places hard-ore layers form the tops of hills or ridges 
or form conspicuous cliffs along the hdlsides, due to their greater resistance 
to erosive processes. 

When the iron formation weathers at the surface a blanket consisting 
of a mixture of itabirite and ore fragments cemented by Hmonite is 
formed. This blanket may vary in thickness from a few inches to more 
than SO ft., and spreads over the surface of the iron formation as well as 
over the surface of adjacent formations such as schist or granite. This is 
the iron-ore conglomerate or breccia termed conga. 

The so-called “itabirite ores” of Brazil are therefore of two distinct 
classes: (1) those occurring as original beds or lenses in the iron formation 
and (2) those resulting from the weathering and concentration of the iron 
formation. They may be classed as follows: Original or bedded ores: (1) 
hard massive ore; (2) soft powdery ore; (3) laminated or thin-bedded ore. 
Concentration ores; (1) canga (iron-ore conglomerate); (2) stream sand 
and gravel ores ; (3) rubble ore ; (4) enriched itabirite ; (5) leached carbonate. 

Of the above classes the bedded ores are by far the most important, 
especially the hard massive ore. This is of high pade andis the only 
type of ore being considered at present in plans dealing with the develop- 
ment of the Brazilian iron industry. The soft powdery ore is also of high 
grade, but on account of its consistency it is at present considered 
undesirable. The laminated ore is of lower grade than either of the 
other types of bedded ore. However, there occur in different parts of 
the district enormous deposits of this ore which will ultimately be of 
great importance. 

Of the concentration ores the canga is the only type of importance. 
While the canga blanket covers many square kilometers, its grade is 
such that it cannot be considered desirable for the iron industry for many 
years to come. 

Below is given the average range in iron and phosphorus content of 
the principal types of ore, assuming 50 per cent, metallic iron as the 
lower limit for iron ore. These figures are based on extensive sampling, 
much of it under the direction of the writer. 

Leith, C. K., and Harder, E. C. : The Hematite Ores of Brazil and a Comparison 
with the Hematite Ores of Lake Superior, Economic Geology, vol. vi, No.7, pp. 670 to 
686 (Oot.-Nov., 1911). 

Harder, E. C. : The Itabirite Iron Ores of Brazil, Economic Geology, vol. ix. No. 2, 
pp. 101 to 111 (March, 1914). 
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Iron, 

Per Cent. 

Phosphorus, 

Per Cent. 

Hard massive ore 

69 to 70 

0 003 to 0 020 

Soft powdery ore , 

50 to 69i 

0 004 to 0.06 

Laminated ore. 

50 to 68 

0 003 to 0 07 

Laminated ore (hydrated) 

63 to 67 

0 05 to 0.3 

Canga 

50 to 65 * 

0.1 to 0 3 


The hard massive ore is hematite, generally dense or finely specular, 
but occasionally, where strongly metamorphosed, it is coarsely crys- 
talline and has an admixture of magnetite. It occurs in beds varying 
up to more than 450 ft. in thickness and to more than two-thirds of a 
mile in length. Hard ore rarely contains more than 1 per cent, of silica 
and its metallic iron content is remarkably constant. 

The soft powdery ore is specular hematite in a fine friable form, 
so that most of it when dried crumbles to dust which will pass through a 
100-mesh screen. Hard ore and soft ore frequently occur intermixed 
with each other, lenses or irregular bunches of soft ore occurring in hard- 
ore beds or irregular masses of hard ore occurring in soft-ore deposits. 
Soft-ore deposits are in general much smaller and more irregular than hard- 
ore deposits. Both occur as lenses or beds interlayered with itabirite or 
laminated ore. 

Laminated ore consists of earthy to specular hematite. It is friable 
and breaks up into thin plates parallel to the lamination. It is also quite 
porous, allowing free circulation of ground water, on account of which 
large portions of these deposits are hydrated, especially near the surface, 
and consist of a mixture of hematite and limonite. Unhydrated, lami- 
nated and soft powdery ores grade from almost pure iron oxide, with little 
or no quartz sand, down to itabirite with more than 30 per cent, silica. 
The line between itabirite and ore in these cases is purely artificial. In 
the hydrated portions of the laminated-ore deposits the silica has gen- 
erally, in large part, been removed, so that, although somewhat lowered 
in grade by the hydration, its silica content is generally small and the 
ore is fairly constant in grade. 

Unhydrated ores of various types and even itabirite contain a very 
small percentage of phosphorus. It appears that phosphorus becomes 
concentrated during the hydration, either being brought in from the 
outside or remaining while other materials are being removed. Ore 
hydrated to beyond 2 per cent, combined water increases rapidly in phos- 
phorus content. The hydrated portions of laminated-ore deposits rarely 
go to a greater depth than 50 or 75 ft. except along occasional more 
porous layers. 
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Surface weathering has but little effect on hard ore and soft powdery 
ore. The former is sometimes slightly hydrated along cracks, for a 
few inches from the surface, while the latter is generally altered to canga 
to a depth of 10 to 15 ft. and below this somewhat hydrated for an 
additional 4 or 5 ft. The laminated ore is affected to a greater depth by 
surface agencies, and along with the hydration there is removal of silica. 
This, however, rarely is suflBcient to make an ore out of an itabirite, so 
that but a small percentage of this material can be classed with the con- 
centration ores. 

Canga consists of material derived by weathering from the iron 
formation. The canga blanket is generally thin along the tops of the 
iron-formation ridges and thick on the lower slopes, due to material being 
transported down the slopes and deposited near the base. Where iron- 
formation hills rise above the bordering schist or granite areas the canga 
blanket extends out over these areas. The best grade of canga occurs on 
the iron-formation areas, especially where ore occurs with the itabirite. 
Frequently such canga is made up, to a large extent, of irregular frag- 
ments of ore cemented by limonite and hydrated hematite. The canga 
overlying areas of other rocks is of lower grade than that overlying iron- 
formation areas, containing a large proportion of impurities such as clay 
(perhaps containing bauxite, etc.) and silica. The farther away from the 
iron formation the poorer is the canga, until finally it becomes merely an 
ocherous clay. Over and close to iron-formation areas the fragments in 
the canga are usually angular, farther away they are small and rounded and 
finally they disappear. Thus there is every gradation of canga, from 
ferruginous clay to iron ore with 65 per cent, metallic iron. 

Of the other classes of concentration ores the only ones of importance 
are rubble ores and leached itabirite. 

Rubble-ore deposits occur as talus under extensive outcrops of hard 
ore. They are simply masses of hard-ore fragments broken off from the 
outcrops, and are of the same grade as the bedded hard ore from which 
they are derived. 

Where canga overlies compact thin-bedded itabirite it frequently 
retains the itabirite texture though most of the silica is removed. This 
canga in situ, exhibiting original textures, is rarely more than a few feet 
in thickness, being underlain by sandy itabirite. It is leached itabirite. 

Stream sand and gravel consisting of hematite occur along some of the 
streams cutting through the iron-formation belts. They are rarely pure 
enough to be called ore. 

Leached carbonate is an earthy material consisting of hydrated iron or 
manganese oxides, or a mixture of the two. It is derived from the 
decomposition of impure limestone beds occurring in the upper part of 
the iron formation and in the lower part of the overlying schist. It is 
seldom rich enough in iron to be called ore. 
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Transportation 

In relation to such enormous quantities of high-grade iron ores as exist 
in Brazil, the principal problem is, of course, that of transportation. For 
more than 25 years the Central of Brazil Ry., owned and operated by the 
Brazilian government, has run northward from Rio de Janeiro through 
the center of the iron-ore district. At the present time it continues far 
to the north to Pirapora on Rio Sao Francisco, from which point it is 
possible to travel by steamboat and railway to Bahia. The Central of 
Brazil is a broad-gauge line (1.6 m.) from Rio de Janeiro as far as Miguel 
Bumier in the southern part of the iron-ore district, a distance of about 
310 miles, and beyond this point it continues northward with a narrow 
gauge (1 m.). From this point also a branch line runs eastward to Ouro 
Preto and Marianna while another branch line runs eastward from 
Sahara to Caethe and Santa Barbara, both in the iron-ore district. The 
latter branch is being continued to Itabira de Matto Dentro. From 
General Carneiro, north of Sahara, a branch line runs southwestward to 
Bello Horizonte, the capital and principal city in Minas Geraes. A 
broad-gauge line is now being constructed from Lafayette, a station south 
of the iron-ore district, to Bello Horizonte by way of Rio Paraopeba, west 
of the iron-ore district. This will make a direct broad-gauge connection 
between Rio de Janeiro and Bello Horizonte. 

The Leopoldina Ry. has a network of lines in the southeastern 
part of Minas Geraes and in the neighboring States of Espirito Santa and 
Rio de Janeiro. Saude, the terminus of one of its northernmost branches, 
lies about 20 to 25 miles east of the eastern border of the iron-ore district. 
The’Leopoldina Ry. has a gauge of 1 m. 

The West of Minas Ry. has a branch line of 1-m. gauge which runs 
into Bello Horizonte from the west. The main line of this road, however, 
is some distance west of the iron-ore district. 

The Central of Brazil Ry. was not planned as an ore-carrying road. 
It crosses >two divides between the iron-ore district and Rio de Janeiro, 
one south of Barbacena, known as Serra da Mantiqueira, and the other 
north of Rio de Janeiro, known as Serra dos Orgaos. Heavy grades and 
sharp curves abound over large portions of the line. The Brazilian 
government, however, has taken several contracts for hauling iron ore 
over this road to Rio de Janeiro from points in the western part of the iron- 
ore district at the rate of $1.50 per ton. Small shipments of manganese 
ore are being transported over the road at the present time, and judging 
from difficulties .encountered in this traflBc, it seems probable that much 
reconstruction will be necessary before this railroad can handle even a 
small fraction of the iron ores which must ultimately be transported from 
the district. 

The Leopoldina Ry. and the West of Minas Ry., on account of their 
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sharp curves and prohibitive grades, are not likely to enter into the ore- 

carrying traffic. X j. , , 

It seems probable, therefore, that by far the greater part of the ore is 

destined to leave the district by another route than those mentioned, viz., 
by the Victoria to Minas Ry., which leaves the sea coast at Victoria and 
runs westward up the Rio Doce. This railroad, which is now under 
construction, wiU enter the iron-ore district from the northeast and will 
tap first those deposits which are now farthest from lines of transporta- 
tion. The distance to Victoria from the eastern part of the iron-ore 
district over this route is about 375 miles, the entire distance being on a 
down grade following the course of the Kio Doce. About 275 miles of 
the line has been constructed, but the greater part of this will probably 
need reconstruction since it was not originally planned to make this an 


ore-carrying road. ,. x • i. -x i t 

In connection with the rapid development of the district it may be oi 

interest to note that previous to 1910 most of the iron-ore deposits 
were in the hands of Brazilian owners, many of whom were descend- 
ants of persons to whom the original land grants were given more than 
100 years ago for purposes of gold mining, while a few deposits were 
owned by the gold-mining companies operating in the district. 

At the present time the principal deposits in the eastern part of the 
district, that is, in the part tributary to the Victoria to Minas Ry., are 
controlled by English, French, and American interests, who have done 
extensive exploration and development work. In the western part of the 
district some deposits are in the hands of Brazilians, as are also a few 
minor deposits in the eastern part, but here foreign interests, including 
the German, have made extensive purchases as well and have done 
much development work. It is from this part of the district that small 
shipments of ore are expected to be made in 193 5 over the Central of 
Brazil Ry. 


Labor and Wages 


A serious difficulty to be contended with in extensive mining opera- 
tions in Brazil, is that of labor. The wages are low, ranging from about 
75e. to $1.25 per day for ordinary labor and about twice as much for 
skilled labor, but the difficulty is not only in obtaining laborers, but ir 
keeping them. The gold mines in the district are in constant difficulty ir 
this respect, and unsuccessful attempts have been made to import Span 
ish labor, while recently one of the mining companies imported a numbei 
of Japanese laborers. The native Brazilian laborer is averse to working 
underground and prefers agricultural work with lower wages to mining 
work. As the iron-mining operations will, however, be largely of tfar 
nature of quarrying, there should be less difficulty in obtaining and re- 
taining laborers than is experienced in the gold mines. 
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Discussion 

I. C. White, Morgantown, W. Va. — I have seen some of the great 
iron-ore deposits described in this paper. One of these in the State of 
Minas Geraes appears to be an immense mountain of iron ore about 
2,000 ft. in height. All over its surface from bottom to top may be seen 
large masses of rich iron ore, varying in weight from a few pounds to 
several tons, and from all that one can judge without exploitation, the 
quantity of available ore is certainly very large in this particular moun- 
tain. Whether it will prove a mere surface deposit or shell, like the 
famous Iron Mountain of Missouri, is for future exploration to determine. 

The question of transportation is the main factor in determining the 
availability for exportation of these Brazilian iron ores. There is no 
coal in Brazil that can be manufactured into coke without expensive 
previous treatment, since the best of the raw coal in the States of Rio 
Grande do Sul, Santa Catharina, and Parana, contains about 35 per cent, 
of ash, of which about 6 per cent, is sulphur, and coal of this composition 
cannot be utilized in iron smelting without purification. 

When I was chief of the Brazilian Coal Commission in 1904 to 1906, 1 
had a cargo of this coal shipped to Kalk, Germany, and treated in the 
great coal-testing plant of the Humboldt Engineering Works, located just 
across the Rhine from Cologne. It was found that by crushing and 
washing the Brazilian coal, it yielded 33 per cent, of briquetting coal, 
containing only 10 to 12 per cent, of ash (of which 1 per cent, was sulphur), 
and 42 per cent, of slack coal, with 25 per cent, of ash and low in sulphur, 
so that about 33 per cent, of the Brazilian coal could be converted into 
coke of fair quahty, as shown by the following average of three analyses, 
using air-dried coal, of briquets made from the Barro Branco coal bed, 
State of Santa Catharina: 


Moisture . . . < 1-56 

Volatile matter .. ... . . . 31.66 

Fixed carbon . , , . . ... 56.73 

Ash . . . . ... . . 10 05 


Total . . .100.00 

Sulphur • 1*34 

Phosphorus . 0.003 

B.t.u • 13,395 


A briquet from the Sao Jeronymo coal. State of Rio Grande do Sul, 
gave the following results on analysis: 
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Moisture 

Volatile matter 

Fixed carbon 

Ash 


Sulphur — 

Phosphorus 
B.t.u 

The briquets were, of course, made from crushed and washed Bra- 
zilian coal to which about 5 per cent, of pitch had been added as a binder. 
These coals when crushed and washed would yield a fairly good coke, 
but nevertheless the all-important question of transportation would re- 
main to be solved, since the coal deposits are about 1,000 miles distant 
from the ore and limestone deposits and railway transportation in Brazil 
from the coast to the interior and vice versa is very expensive. The main 
reason fur this is that a great wall of granite 2,000 to 3,000 ft. high parallels 
the coast from Bahia southward to Florianapolis or beyond, through 
which the rivers descend in cataracts, and thus have not yet graded out 
easily accessible railway routes from the seacoast to the interior, so that 
railways are compelled to climb up over this granite wall with steep grades, 
driving tunnels and making deep cuts and rock shelves along high cliffs 
at vast expense, the funds for which have been provided mostly by foreign 
capital at high interest rates. The scenery on the j ourney from Paranagua 
up to Curityba in the State of Parana cannot be excelled for rugged 
grandeur and wildness on any of the railways of Switzerland. The great 
forests of Parana, into which this railway enters, cannot compete, how- 
ever, with lumber from Florida and Russia in the markets of the coastal 
cities of Brazil, although transported for thousands of miles instead of 
hundreds, owing to the transportation costs from the mountain region 
to the seacoast, a distance 'of less than 100 miles. Hence, whether it 
will be possible in the near future to bring the Brazilian ores 400 to 500 
miles from the interior to the seaboard at a cost low enough to make their 
exportation to the United States or to Europe feasible is a question that 
has not yet been solved; and it certainly will not be in this generation, 
when good coal brings about $10 a ton by the shipload delivered at the 
seaport cities of Brazil, and $15 to $20 per ton when delivered at the ore 
mines of the interior of the country. 

At one locality in the State of Minas Geraes, there occurs such an 
assemblage of minerals necessary in the manufacture of iron and steel 
as probably occurs nowhere else in the world; namely, a deposit of excel- 
lent limestone standing nearly vertical, upon one side of which is a de- 
posit of good iron ore, many feet in thickness, and on the other side 
20 ft. of good manganese, which is mined and shipped to the United 
States. It might be possible to ship coke from the United States to this 


6.03 
33.42 
50 77 
10 78 


100.00 
0 61 
0 033 
12,496 
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rich mineral zone of Brazil, and thus inaugurate a Brazilian iron and steel 
industry, since at the time of my travels there (1901 to 1906) only one 
small charcoal furnace making 5 to 6 tons a week was in existence in 
the entire area <5f that great republic. 

E. C. Hardee (communication to the Secretary*). — Replying to Dr. 
I. C. White’s discussion. While some of the Brazilian iron-ore deposits 
are of great size it is only rarely that an entire mountain or hill is com- 
posed of ore. As the iron ores occur in beds and these beds are generally 
of considerable hardness they frequently form ridges, the shapes of 
which depend upon the attitude of the layers. Where the beds are 
gently inclined the dip slope of a ridge is usually gradual, while the oppo- 
site slope ^is steep and frequently precipitous, due to more rapid erosion 
of softer rocks underlying the capping bed of iron ore. In such a case 
the iron-ore bed usually extends down the dip slope for varying dis- 
tances, depending upon its horizontal extent. It will also extend some 
distance down the precipitous slope, depending on the thickness of the 
bed, while below the iron ore the underl 3 dng rocks appear, such as 
itabirite or ferruginous schist. In many places these underlying rocks 
are concealed by a thick talus of rubble ore broken and fallen from the 
upper slope. The fragments forming the talus vary in size up to many 
tons. 

In places where the bedding is vertical or nearly so hard iron-ore 
layers may form a sharp, steep-sided ridge, of which the ore forms the 
crest while the slopes are formed by softer adjacent rocks. In this case 
also the slopes are generally covered by a mantle of ore fragments. 

The Brazilian deposits differ from those of Iron Mountain, Missouri, 
in that they are sedimentary beds or lenses like limestone or shale, while 
those of Iron Mountain are veins in igneous rocks. Naturally the 
Brazilian ores may be expected to extend to a greater depth down the 
dip, since sedimentary beds are in general much more continuous than 
veins. 

With regard to transportation, the question is one of distance rather 
than high rates. The government railway (Central of Brazil Ry.) has 
taken contracts to transport iron ore from the ore district to Rio de 
Janeiro, a distance of 300 to 400 miles, for 6s. (about $1.50) per ton, not a 
high rate. The principal difficulty lies in the fact that most of the ore 
will have to be hauled this great distance by rail to reach the coast and 
then, after trans-shipment, wiU be subjected to about 5,000 miles of 
ocean transportation to reach North America or Europe. Thus only 
the very high-grade, hard ores would seem to warrant the expense of 
transportation at the present time. 

As stated in the original paper, it seems improbable that the 


• Received Deo. 7, 1914. 
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Central of Brazil Ry. on account of sharp curves and prohibitive grades, 
not taking rates into consideration, will be able to transport more than 
a small percentage of the ore which must eventually be taken from the 
district. For this reason, another railroad, the Victoria to Minas, is 
being constructed, which, instead of going south to Rio de Janeiro, as 
the Central of Brazil Ry. does, goes in an easterly direction and reaches 
the ocean near Victoria, a small port 300 miles northeast of Rio de 
Janeiro. This railroad will follow the Rio Doce on a down grade for 
the entire distance to the ocean and no part of it will have a steeper 
grade than 1 per cent. Over a railroad thus constructed it should be 
possible to transport ore with a minimum of expense. 

Dr. White suggests that it should be possible to bring coal to the 
iron-ore fields and smelt ore at a profit there, since both limestone and man- 
ganese ore are available right in the iron-ore district. While it is true 
that manganese ore occurs locally in the district and that in some places 
impure limestone occurs, these materials are after all of minor impor- 
tance and the great necessary item is coal or coke. To ship coal to 
South America for the purpose of smelting iron ore and then returning 
the iron products to Europe seems wasteful and quite unwarranted. 
Even if some portion of the product were utilized in South America, why 
should it be more advantageous to bring the coal to the iron-ore fields 
than to take the iron ore to the coal fields and manufacturing centers? 
In the history of iron min in g the natural trend has been for the ore to 
go to the coal fields and for manufacturing centers to be established 
there. This we see in case of the Spanish and Swedish ores which go to 
England and Germany for smelting. This also has been the history of 
the Lake Superior ores, which have gone, and in large part are still going, 
to the Pennsylvania coal region for smelting. It is only within recent 
years that coal is being taken West for iron-ore smelting purposes and 
that extensive smelting operations have been started at Gary and West 
Duluth. It has been found more profitable to transport iron ore to 
established manufacturing centers and to return the finished products 
to the original source than to manufacture these articles at the source. 
Thus in Brazil at the present time the limited number of articles of iron 
manufactured with cheap labor and from raw materials, such as wood 
and iron ore, which cost but little, find it difiicult to compete with 
similar articles imported from Europe and North America. 

The Brazilian iron-ore problem has been carefully studied during the 
last few years by men competent to judge, and the prevailing conclusion 
has been that the ore can be transported to Europe to be smelted and 
the products sold at a pi^ofit, whereas it would be quite out of the question 
to attempt the establishment of an extensive iron industry in Brazil. 
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Introduction 

At the beginning of the use of the electric furnace, for the manufacture 
of calcium carbide and ferro-alloys, experimental work was conducted in 
it upon the production of steel from iron ore. Stassano performed two 
series of experiments in Italy, the first^ during the years 1898 to 1902, and 
the second^ in 1908. 

For many years steel and wrought iron have been produced directly 
from ore on a small scale in the forge, crucible, and reverberatory furnaces; 
but the difficulties attending the operation of these combustion processes 
have prevented their adoption to any great extent. The combustion 


* Published by permission of the Director of the U. S. Bureau of Mines. 
^Stassano, E.: Electrochemical and Metallurgical Industry, vol. vi, No. 8, p. 315 
(Aug., 1908). 

* Catani, R.: Journal of the Iron and Steel Institute, vol. xxxiv (1911, No. II), p. 
215; Metallurgical and Chemical Engineering, vol. ix, No. 12, p. 642 (Dec., 1911). 
VOL. L. — 11 
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processes which have attempted to produce a product which might be 
classified as a pig steel rather than pig iron, have failed largely for 
economic reasons rather than because of metallurgical difficulties. 
They were not adapted to the large units necessary to turn out a large 
tonnage, as is the case in the manufacture of pig iron. 

The introduction of the electric furnace into metallurgy somewhat 
renewed the interest of metallurgists in direct processes for the manu- 
facture of steel. This is because the electric furnace can be operated 
with the proper metallurgical conditions for the production of pig steel 
rather than pig iron, and because in a possible design of shaft furnace 
similar to the blast furnace there is a greater chance for the production of 
a larger tonnage than is possible in the case of furnaces used in combustion 
direct steel processes. The early experiments of Stassano showed 
possibilities for a direct steel process in an electric furnace of the hearth 
type, which, however, had the same objectionable features as the com- 
bustion processes — a small output and a high cost of production. Later, 
in 1909, during the experiments® on the production of pig iron in the 
electric furnace at Domnarfvet, Sweden, 280 tons of crude iron containing 
from 0.95 to 3.09 per cent, carbon were produced. This showed the 
possibility of producing pig steel in an electric shaft furnace. Later at 
Trollhattan, Sweden, these results were confirmed in a larger furnace.^ ^ 

In this paper the writer does not advocate the production of pig 
steel from ore in the electric furnace as a competitor of the present 
method of steel production with pig iron as an intermediate step, but pre- 
sents the general metallurgical side of such a process and its economical 
possibilities in regions where power is cheap, and fuel and reducing 
materials are expensive, as, for example, Sweden, California, British 
Columbia, and the western coast of South America. The field of the 
electric furnace in pig-iron manufacture is restricted to such areas, and 
possibly will never have great application even in favorable districts, 
because of the cheapness with which iron ore can be delivered from 
western coast deposits to furnaces upon the eastern coast of the United 
States on the completion of the Panama Canal. But when in these 
countries local demand for pig iron and steel is great enough, the electric 
furnace has an opportunity. In such cases, if steel is the desired final 
product, it seems more feasible and cheaper to produce as pure a product 
as possible — i.e., pig steel — for any subsequent refining operations, 
rather than pig iron. This would prove to be the case for two reasons: 

1. As has been found to be the case at Heroult, Cal., Domnarfvet, 

3 Yngstrdm, L. : Report on the Experiments Conducted at Domnarfvet, Sweden, 
on Smelting Iron Ore by the Electrothermic Process. Bulletin No^ 3, Department 
of Mines j Canada, p. 19 (1910). 

^Lyon, D. A.: The Use of Electric Furnace Pig Iron in the Open Hearth Furnace. 
Metallurgical and Chemical Engineering, vol. x, No. 9, p. 539 (Sept., 1912). 
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and Trollhattan, pig steel can be produced more cheaply in the electric 
shaft furnace than pig iron, because of the greater output per unit of 
electrical energy consumed. 

2. Owing to the lower percentage of impurities in pig steel, 1 to 3 
per cent., instead of 4 to 8 per cent, in pig iron, a greater output can be 
obtained from the final refining furnace at a lower cost. 


Conditions Necessary for Electric-Furnace Production of Piq 

Steel 

In his discussion of electric-furnace production of pig iron and pig 
steel® before the Engineers’ Society of Western Pennsylvania, Dr. J. W. 
Richards defines pig steel as “a metal with 2.2 per cent, or less of carbon, 
a very small amount of silicon and manganese, low in sulphur and phos- 
phorus, and made directly from iron ore in the electric pig iron furnace.” 
That is, in chemical composition it is steel. If it resembles steel in 
chemical composition, there is no reason why it should not possess the 
same physical qualities as steel, when subjected to the same conditions 
of pouring and heat treatment as a combustion-furnace steel of the 
same composition with wljich it may be compared. Or it should conform 
to the definition of steel as given by Stoughton:® “iron which is malleable 
at least in some one range of temperature, and in addition is either (a) 
cast into an initially malleable mass; or (b) is capable of hardening greatly 
by sudden cooling; or (c) is both so cast and so capable of hardening.” 

A process to produce efficiently a metal conforming to these re- 
quirements should satisfy the following conditions : 

1. As the product in order to be a steel must not contain over 2.2 
per cent, carbon, it should be possible not only to keep the percentage of 
carbon in the metal below that amount, but it should also be possible 
to regulate the carbon within reasonable limits; i.e., control the com- 
position of the metal. 

2. The product should contain percentages of silicon, phosphorus, and 
sulphur either below the limit set by consumers of Bessemer and open- 
hearth steels, or at least low enough not to require prolonged refining 
in another furnace. 

3. The loss of iron in the slag should not be excessive. 

4. The furnace used must be adapted to continuous operation and 
the production of a large tonnage. 


s Richards, J. W.: Electric Furnace Production of Pig Iron and Pig Steel. Pro- 
ceedings of the Engineer^ Society (^Western Pennsylvania, vol. 28, p. 83 (1912) ; Metal- 
hirgioal and Chemical Engineering, vol. x, No. 7, p. 397 (July, 1912), 

• Stoughton, B.: The Metallurgy of Iron and Steel, p. 7 (1908), 
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5. By the process it should be possible to produce pig steel at a 

greater profit than by existing methods. 

Considering the possibility of the use of the electric furnace to 

satisfy these requirements: i . .t. i j. • 

1. As it is not necessary to introduce carbon for fuel m the electric 
furnace, it is not necessary to have excess carbon in the charge beyond 
that needed for reduction, therefore no difficulty should be experienced 
in keeping the carbon of the product below 2.2 per cent.; and it should 
be possible to regulate the carbon within reasonable limits. 

2. The temperature of the electric furnace can be regulated by the 
power input, so that very basic slags can be used, which should result 
in slagging of silicon, phosphorus, and sulphur. 

3. While the loss of iron in the slag with an electric furnace running 
on pig steel would probably be greater than in the case of pig iron, owing 
to the weaker reducing atmosphere of the pig-steel furnace, it should 
not be so excessive as to prohibit the use of such a process under favorable 
economic conditions. 

4. The electric shaft furnace has been proved to be easily adapted to 
continuous operation for pig-iron production, and should operate more 
uniformly on pig steel than on pig iron because there is not the tendency 
for carbon to accumulate in the furnace. 

5. In localities where electric-furnace pig iron can be produced at a 
profit, pig steel for further refining could be made at a profit if the market 
demand was for steel 

The direct production of steel from iron ore in the electric furnace 
has never passed beyond the laboratory stage. Just as pig iron can be 
produced from iron ore in the electric furnace, so can pig steel be Re- 
duced by a close regulation of the carbon content of the charge. Sufficient 
carbon is provided for reduction of the ore, but not enough to combine 
to any appreciable extent with the product. This of course cannot be 
done in the blast furnace because of the excess carbon present for fuel 
The ore is reduced to pure iron, but this combines at once with any free 
carbon present. In the electric furnace the electrical energy does the 
heating, while carbon simply performs the chemical function of reduction. 
The reduction of the ore to pig steel is comparatively simple, but some 
difficulty has been experienced in preventing a high loss of iron in the 
slag, due to the low carbon content of the charge. Also, as in all direct 
steel processes, the commercial success of a similar electric furnace proc- 
ess is yet to he determined by operations conducted on a large scale. 

Some experimental work performed by the writer in 1911 under a 
Carnegie Research Scholarship of the Iron and Steel Institute of Great 
Britain, and the work of others, serve to show the metallurgical pos- 
sibilities of the electric furnace for the production of pig steel from ore, 
and whether the process satisfies the five stated requirements. 
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Experiments on the Electric-Furnace Production of Pig Steel 

Five groups of experiments were made on the electric-furnace pro- 
duction of pig steel, arranged as below: 

Group I. A series in which both limestone and coke were varied in 
the charge. 

Group II. A series in which the amount of coke in the charge was 
varied, other components remaining constant. 

Group III. A series in which the amount of limestone in the charge 
was varied, other components remaining constant. 

Group IV. A series in which a part of the limestone was replaced by 
varying amounts of fluorspar, other components remaining constant. 

Group V. An experiment in which the furnace was operated con- 
tinuously rather than intermittently, as in the other experiments. 


Table I . — Analyses of Raw Materials 


FG 203 . . , . 


Per cent. 
(57.0 Fe) 81.40 

Si 02 . . 


9.25 

AI 2 O 3 


4.30 

CaO.. 


1 00 

MgO 

, 

0.40 

MnO 


.. 0.15 

Phosphorus 


0 124 

Sulphur. 


. 0.14 

Fixed carbon. 

Coke 

81.48 

Volatile and combustible matter . 

0.25 

Ash 


17.92 

Moisture... . 


. 0.35 

FeO. . . 


1.20 

SiOa. . 


13.62 

CaO 


0.85 

Phosphorus . . . . 


0.08 

Sulphur. . . , , . 


... 0.54 

CaCOs 

Limestone 

. (64.5 CaO) 97.50 

MgO....' 


. . trace 

Si02 ... . . 


. 0.70 

AljO, 


. 0.80 

Phosphorus 

.... 

0.008 

CaF2 • . . . • 

Fluorspar 

90.00 

CaCOs 

... 

0.80 

AI 2 O 3 ... 


8.60 



166 


PIG STEEL FBOM ORE IN THE ELECTRIC FURNACE 


Because of the impossibility of tapping a small furnace cleanly after 
each experiment, it seemed advisable, in order to more closely represent 
large-scale working, to calculate the theoretical weight of the pig steel 
present from the loss of iron in the slag and the analyses of the pig steels 
tapped, considering all iron available which did not pass into the slag. 
The results of these calculations were shown to check closely with the 
total amount of metal obtained during all of the experiments, including 
the amount cleaned out of the furnace at the end. Of the total calculated 
89.4 per cent, was tapped, and 93.6 per cent, was reduced according to 
calculations. 

These experiments were performed in a furnace, lined with magnesite, 
having two upper vertical graphite electrodes connected in parallel, and a 
conducting hearth of iron rods imbedded in magnesite, the hearth and the 
graphite electrodes being connected in series. The interior dimensions 
of the crucible were: length, 9 in.; width at the bottom, 4 in. ; depth, 12 in. 
This furnace took from 10 to 12 kw. of single-phase current at 30 to 50 
volts, and held about 26 lb. of cold charge. 

Analyses of the raw materials used are given in Table I. 


Eegulation of Carbon 

The pig steels produced varied in composition with the coke in the 
charge from a low-carbon to a high-carbon pig steel. With one exception, 
they all contained less than 1.75 per cent. This exception was a white 
iron containing 2,25 per cent, carbon. The percentage of manganese was 
uniform, with an average of 0.11 per cent. The silicon varied to a con- 
siderable extent with the basicity of the slag, but could be kept below 
0.15 per cent, without difficulty The average percentage of silicon in the 
pig steel was 0,12 per cent. The percentages of phosphorus and sulphur 
in the pig steels varied under different conditions. The loss of iron in the 
slag was not excessive. Prom the results obtained, it seems that the regu- 
lation of carbon in a pig steel produced from ore in the electric furnace is 
possible within rather close limits. 

As shown in Table IV, the percentage of carbon in the pig steel gradu- 
ally increased with the increase of carbon in the charge, up to about 1.50 
per cent, in the pig steel, above which the amount of carbon absorbed 
does not increase as rapidly as the increase of carbon in the charge. To 
determine whether there is any definite relation between the carbon 
charged and the carbon entering the steel, the results of some of the 
experiments have been figured to pounds of carbon charged per pound of 
pig steel reduced, and from this the amount of carbon entering the metal 
has been deducted in each case, giving the pounds of carbon actually 
used per pound of pig steel reduced for reduction only, Table IL 
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Table II. — Carbon Regulation 


ilxperi- 

Carbon in 

Lb. Carbon 

Lb. Carbon 

Lb. CaO 

Lb. CaF2 

ment 

Steel 

Charged per 

Charged for 

Charged per 

Charged per 

No. 

Per Cent. 

Lb. Pig Steel 
Reduced 

Reduction per 
Lb. Pig Steel 
Reduced 

Lb. Pig Steel 
Reduced 

Lb. Pig Steel 
Reduced 

3 

0.29 

0.2810 

0 2781 

0.6780 


5 

0.33 

0.2805 

0.2772 

0 5490 


4 

0.53 

0.2815 

0.2762 

0 5030 


9 

0.48 

0.2745 

0.2697 

0 3005 


10 

1.06 

0.2810 

0.2704 

0 2940 


11 

1 57 

0 2840 

0.2683 

0.2860 


12 

1 64 

0.2920 

0.2756 

0.2820 


13 

1.71 

0.3110 

0.2939 

0.2875 


10 

1 06 

0.2810 

0.2704 

0.2940 


14 

1.19 

0.2895 

0.2726 

0.3310 

, . ... 

15 

0.92 

0.2877 

0.2728 

0.3361 


16 

0 44 

0.2815 

0.2851 

0 4060 


18 

0.74 

0.2877 

0 2803 


0.0132 

19 

1.44 

0 2815 

0.2671 


0.0203 

20 

1.51 

0 2845 

0 2694 


0.0410 

21 

2.25 

0 2785 

0.2560 


0.0542 


Variation of Limestone and Coke in the Charge, — In Group I (Table 
III) the results of experiments Nos. 3, 4, and 5 indicate a constant re- 
lation between the carbon charged and that entering the pig steel. The 
pounds of carbon required for reduction only per pound of pig steel re- 
duced varied from 0.2781 to 0.2762 lb., averaging 0.2771 lb. A higher 
figure was obtained than from the results of Group II, Table IV, which 
was probably due to the charge being more basic in the former case. 

Variation of Coke in the Charge. — In Group II (Table IV) the lime 
charged was constant, although, in calculating it to pounds of pig steel 
reduced, it appears to be variable because of variation in the amount of 
pig steel reduced. From this group, for a pig steel containing from 0.48 
to 1.57 per cent, carbon, there appears to be a constant amount of carbon 
required for reduction only, any added above this amount serving to 
carburize the pig steel. This amount varies between 0.2683 and 0.2704 
lb., averaging 0.2694 lb. That is, if 0.2694 lb. of carbon were charged 
per pound of pig steel reduced, theoretically the product would be free 
from carbon. If 0.2794 lb. of carbon wete used in the charge the product 
would contain 1.00 per cent, carbon. Above 1.57 per cent, carbon in 
the pig steel the excess of carbon in the charge does not seem to carburize 
the pig steel at the same rate. 

Variation of Limestone in the Charge.— Vtom the results of Group 
III (Table V), in which lime in the charge was varied, other factors re- 
maining constant, with the increase of lime in the charge there seemed to be 
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Table III . — Variation of I/imestone and Coke in the Charge 


Experiment No. 

1 

2 

3 

4 

5 

6 

7 

Charge: 

Hematite, lb 

15 00 

15 00 

15.00 

15.00 

15.00 

15.00 

15.00 

Coke, lb 

. 2 25 

2.25 

2.75 

2.75 

2.75 

2.93 

2.93 

Limestone, lb 

. 8 06 

8.87 

9 93 

7.37 

8.06 

4.50 

4.50 

Product, steel: 

C, per cent 

. 0.08 

0.16 

0.29 

0 53 

0 33 

1.16 

1.04 

Mn, per cent 

. 0.17 

0.08 

0.18 

0.16 

0.10 

0.10 

0.07 

Si, per cent 

. 0.07 

0.04 

0.02 

0.07 

0.04 

0.06 

0.08 

P, per cent 

. 0.088 

0 067 

0.057 

0 063 

0.082 

0.030 

0.010 

S, per cent. 

. 0 027 

0 045 

0.050 

0.045 

0.020 

0.051 

0.033 

Product, slag: 

S 1 O 2 , per cent 

. 28.40 

22 88 

22.32 

22.20 

26 36 

24.86 

33.28 

CaO, per cent 

. 37.46 

40.25 

46 20 

41.76 

45.60 

45.40 

35.80 

MgO, per cent 

. 11.60 

12.61 

5 61 

6.60 

7 25 

7.65 

7.98 

FeO, per cent 

. 14.23 

12.85 

6.33 

8.58 

7.59 

7.85 

7 87 

AI2O3, per cent . . . 

. 5 52 

5.58 

17.01 

19.07 

7.47 

10.95 

11.81 

Lb. carbon per lb. iron . 

. 0 213 

0.213 

0.213 

0.263 

0.263 

0.263 

0.286 

Pig steel, lb . . 

7.25 

7.31 

8.00 

7.93 

8.00 

8.06 

8.06 

Per cent, recovery . 

84.95 

85.60 

93 10 

92.30 

93 00 

93.40 

93 20 

Per cent, iron slagged . . . 

. 15.25 

14 49 

7.08 

7.71 

6.88 

6.75 

6 82 

Kilowatt-hours per long ton 
of pig steel, 4,550 

4,375 

5,620 

4,280 

3,760 

5,440 

4,910 


Table IV . — Variation of Coke in the Charge 


Experiment No. 

9 

10 

11 

12 

13 

Charge: 

Hematite, lb 

. 15.00 

15.00 

15.00 

15 00 

15.00 

Coke, lb 

Limestone, lb 

2 75 

2.87 

2.93 

3.12 

3.25 

4,50 

4 60 

4.50 

4 50 

4.50 

Product, steel: 

C, per cent. . 

. . . 0.48 

1.06 

1.57 

1 64 

1.71 

Mn, per cent 

, 0.15 

0.07 

0.13 

0 12 

0.13 

Si, per cent . 

. .. 0.12 

0.13 

0.16 

0 23 

0,24 

P, per cent . 

0.026 

0 041 

0.089 

0.107 

0.121 

S, percent. . . . .. 

. . 0.147 

0 085 

0.067 

0.048 

0.044 

Product, slag: 

Si 02 , per cent 

31.28 

36.73 

37.24 

41.20 

39.75 

CaO 2 , per cent 

.... 39.03 

36.26 

30.20 

32 16 

34.85 

MgO, per cent 

.... 10.90 

7.75 

11.61 

8.84 

10.70 

FeO, per cent 

.. 8.73 

6.26 

2.53 

0.50 

3.50 

AI 2 O 8 , per cent 

.. . 7.12 

5.88 

12.58 

17.45 

10.60 

Lb. carbon per lb. iron 

0.263 

0.274 

0.286 

0 299 

0.311 

Pig steel, lb 

. .. 8.18 

8.31 

8.66 

8.68 

8.66 

Per cent, recovery 

... 94.45 

96.20 

98.30 

99.60 

97.60 

Per cent, iron slagged 

6.64 

3.60 

1.80 

0.49 

2.38 

Ealowatt-hours per long ton of pig steel 4,830 

4,910 

4,115 

4,030 

4,375 
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a gradual increase of carbon required for reduction, and a corresponding 
decrease of carbon in tbe pig steel. This is probably due to the forma- 
tion of calcium carbide with the increased percentage of lime present. 


Table V . — Variation of Limestone in the Charge 


Experiment No. 

14 

15 

16 

Charge: 

Hematite, lb.. 

15.00 

15.00 

15 00 

Coke, lb. 

2.87 

2.87 

2.87 

Limestone, lb . 

5.00 

5.50 

6.00 

Product, steel: 

C, percent.. 

1.19 

0.92 

0.44 

Mn, per cent. 

0.08 

0.07 

0.08 

Si, per cent. . .... 

0.11 

0.11 

0.14 

P, per cent. . . 

0.039 

0.072 

0.057 

S, per cent. . 

0.120 

0.107 

0.063 

Product, slag: 

SiOa, per cent 

34 09 

32 72 

29.48 

CaO, per cent. . 

37 40 

41 90 

46 70 

MgO, per cent. . . 

9 90 

10 50 

2.22 

FeO, per cent. . . 

7.00 

5.83 

7.29 

AI2O3, per cent. . . . 

9.46 

7.31 

12.17 

Lb. carbon per lb. iron 

0.274 

0,274 

0 274 

Pig steel, lb 

8.25 

8.31 

8.12 

Per cent, recovery. . . . 

95.20 

96.00 

94.10 

Per cent, iron slagged. 

4.88 

3.97 

4.92 

Kilowatt-hours per long ton pig steel . . . , 

6,000 

4,376 

5,900 


In Group I, experiments 3, 4 and 5, with increased basicity of the 
charge the carbon in the pig steel decreases, while that used for reduc- 
tion increases as in Group III. The decrease does not appear so marked 
with the more basic charge used in Group I. The carbon content of 
the charge was considerably less than that of Group III. 

Variation of Fluorspar in the Charge . — In Group IV (Table VI) the 
increase of fluorspar in the charge causes a marked increase of carbon 
in the pig steel and a corresponding decrease of carbon used for reduc- 
tion, due probably to excessive thinning of the slag. 

The experiments of Neveu and Arnou'^ in 1910 in an intermittent 
electric furnace of the hearth t^e showed the ease with which pig steel 
could be made, using coke, anthracite, or charcoal as a reducing material. 
Hematite, magnetite, and siderite were reduced to pig steel, when charged 
in either a coarsely divided or a pulverulent state. 

Trouble was experienced at the Hardanger, Norway, electric pig- 
iron plant with coke as a reducing material. The failure of this plant 


^ Amou, M, G. : Notes on the Direct Reduction of Iron Ores in the Electric Furnace, 
ReviLe de M^allurgiet vol, vii, No. 12, p. 1190 (Dec., 1910). 
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Table VI . — Variation of Fluorspar in the Charge 


Experiment No. 

18 

19 

20 

21 

Charge: 

Hematite, lb 

15 00 

15 00 

15 00 

15.00 

Coke, lb. . 

2 87 

2 87 

2 87 

2 87 

Limestone, lb ' . 

5 87 

5 81 

5 56 

5 43 

Fluorspar, lb. 

0 12 

0 19 

0 37 

0 51 

Product, steel: 

C, per cent. . . 

0 74 

1 44 

1 51 

2 25 

Mn, per cent 

0 11 

0.10 

0 08 

0 10 

Si, per cent 

0 16 

0 12 

0.07 

0.06 

P, per cent. . 

0 065 

0.053 

0.030 

0.070 

S, per cent. . 

0 027 

0 035 

0 049 

0.060 

Product, slag: 

Si 02 , per cent 

29 28 

29 44 

28 00 

27.00 

CaO, per cent ... 

44 90 

49 60 

48 10 

50 10 

MgO, per cent . . 

3.15 

1.03 

3 24 

3 66 

FeO, per cent 

8 18 

6.12 

7 29 

7.00 

AI 2 O 3 , per cent . 

9 73 

10 11 

8 97 

9 57 

Lb. carbon per lb. iron .... 

0 274 

0.274 

0 274 

0 274 

Pig steel, lb 

8 12 

8.31 

8 25 

8.37 

Percent recovery. ... . ... 

94 20 

95.90 

95 30 

96 00 

Per cent, iron slagged 

5.73 

4 08 

4.70 

4.36 

KUo watt-hours per long ton of pig steel. 

9,900 

5,280 

6,880 



has been assigned to the use of coke, because coke has a higher electrical 
conductivity than charcoal and hence not as much heat is generated by 
the resistance of the charge to the passage of the electric current. For 
this reason, trouble might be experienced with a shaft furnace using 
coke as a reducing agent in the production of pig steel, but the problem 
will undoubtedly be solved eventually. The writer visited the Hard- 
anger plant a few months before it was closed, and from observation of 
existing conditions does not believe the failure of the enterprise was 
entirely due to use of coke. 

J. Crawford says® that at Heroult, while difficulty was experienced 
with coke alone as a reducing material, “ by adopting certain precautions 
in crushing the stock and feeding the same into the furnace I have 
operated on a mixture of 60 per cent, coke and 40 per cent, charcoal with 
a very fair degree of furnace ejEciency.” 

He further remarks: “I believe that many of our coals which make 
a poor metallurgical coke for blast furnace use on account of their low 
crushing strength might be fotmd to make a satisfactory fuel for electric 
furnace use.” 

The experiments of Neveu and Arnou do not show anything regarding 


« Crawford, J.: Progress of Electric Smelting at Heroult, California. Metallurg- 
ical and Chemical Engineering, vol. xi, No. 7, p. 383 (July, 1913). 
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the regulation of carbon in the product beyond that pig steels containing 
from 0.08 to 1.25 per cent, carbon were produced. 

The results at both Domnarfvet and Trollhattan indicate that pig 
steel can be made directly from ore in the electric shaft furnace. In 
these runs no attempt was made to produce pig steel, but the product 
contained from 1 to 3 per cent, carbon, as before stated. While it 
would undoubtedly be more difficult to regulate the carbon of the product 
in a shaft furnace operated continuously than in an intermittent hearth 
furnace, it could be done, but the regulation would not be so close. 

Hence it may be stated that: 

1. In producing pig steel containing from 0.25 to 1.50 per cent, carbon 
for any particular furnace and basicity of charge, the carbon content of 
the pig steel can be regulated by var 3 dng the carbon in the charge. 

2. An increase or decrease of lime in the charge causes a corresponding 
decrease or increase of carbon in the pig steel. 

3. The use of fluorspar in excessive quantities causes a marked in- 
crease in the carburization of the pig steel. 

4. The experiments of Neveu and Arnou indicate that the carbon of 
reduction may be supplied from coke, anthracite coal, or charcoal, and 
the charge may be fine, coarse, or briquetted. 

5. The work at Domnarfvet and TroUhattan shows the possibility 
of keeping the carbon of the product below 2.2 per cent, in an electric 
shaft furnace. 


Impurities in the Pig Steel 

Silicon . — The results of Group II show that with an increased amount 
of coke in the charge there is a gradual, although not excessive, increase 
of silicon passing into the pig steel. The increased basicity of the charge. 
Group III, lowers the percentage of silicon in the pig steel. Increased 
charging of fluorspar seems to cause a decrease of silicon in the pig steel. 
Group IV. In general, the experiments show that the percentage of 
silicon in the pig steel can be kept at a low figure if desired, and that its' 
regulation does not seem difficult. 

This conclusion is corroborated by earlier investigators. In his first 
experiments, with an ore containing 2.79 per cent. SiOa and very pure 
charcoal as a reducing agent, Stassano obtained products with from a 
trace to 0.048 per cent, silicon. His second experiments, with ore con- 
taining 17.15 per cent. SiO^, resulted in pig steel with from 0.03 to 0.22 
per cent, silicon. Brown and Lathe,® using hematite with 2.23 per cent. 
Si02, had from a trace to 0.24 per cent, silicon in the pig steels produced. 
The work of Neveu and Arnou on hematite, magnetite, and siderite ores 


•Stansfield, A.: The Electric Furnace, p. 133 (19071. 
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of from 0.6 to 8.96 per cent. SiOa gave products containing 0.02 to 0.19 
per cent, silicon. Considering that the ore used contained 9.25 per cent. 
SiOs and the coke 13.62 per cent. SiOa, the results of the writer, an 
average of 0.15 per cent, silicon in the product, show that no difficulty 
would be experienced with poor coke and impure ores. 

Phosphorus . — Although the ore contained a high percentage of phos- 
phorus, 0.124 per cent., no difficulty was experienced in keeping the 
percentage in the metal low. In ths 20 experiments from 51.7 to 95.92 
per cent, of the total phosphorus charged was slagged, with an average 
of 77.25 per cent. (See Table VTI.) 

In Group II, the gradual increase of coke in the charge caused an 
increase of phosphorus in the pig steel, because of the failure of the 
phosphorus to pass into the slag as calcium phosphate under the more 
reducing conditions of the operation. Increased lime in the charge, 
Group III, seems to result in .an increased percentage of phosphorus 
in the pig steel. This was probably caused by the more basic slag being 
too thick for intimate contact with the steel bath during the agitation 
caused by the passage of the electric current through it. 

Fluorspar, Group IV, causes a slight decrease of the percentage of 
phosphorus in the steel when used in small quantity, but when charged 
in excess it caused the percentage of phosphorus in the pig steel to 
increase. The slight thinning of the slag seemed to increase the slagging 
of the phosphorus. Continuous operation of the furnace did not cause 
increased phosphorus in the pig steel, as 89.3 per cent, of the phosphorus 
charged was slagged, and the pig steel produced contained 0.031 per cent, 
phosphorus. 

These results agree with those of other investigators. Stassano in his 
first experiments used an ore containing 0.058 per cent, phosphorus, which 
resulted in pig steels with 0.005 to 0.024 per cent. In his second series 
the ore contained 0.15 per cent, phosphorus and the pig steel 0.01 toO.lO 
per cent. Brown and Lathe, with an ore containing 1 per cent, phos- 
phorus, obtained products with 0.031 to 0.49 per cent, phosphorus, but 
did not reduce the phosphorus in the pig steel to below 0.20 per cent, 
without excessive loss of iron in the slag. As the carbon content of the 
charge was decreased the percentage of phosphorus in the pig steel 
decreased, but with 0.091 per cent, carbon pig steel the FeO in the slag 
was 26.94 per cent, and phosphorus in the pig steel 0.031 per cent., 
whereas with 0.54 per cent, carbon the pig steel contained 0.20 per cent, 
phosphorus and the slag 3.6 per cent. FeO. In the work of Neveu and 
Arnou, with ores of 0.02 to 0.052 per cent, phosphorus content and pig- 
steel products of from 0.08 to 1.25 per cent, carbon, the phosphorus in 
the metal was reported as a trace. 

Yngstrom asserts in his report on the Domnarfvet experiments that 
the phosphorus goes almost entirely to the iron. Considering the con- 
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Table VII . — Elimination of Phosphorus and Sulphur 


Experi- 

Phosphorus Phosphorus 

Per Cent, of 

Sulphur 

Sulphur in 

Per Cent. 

ment 

in Charge 

in Pig Steel 

Phosphorus 

in Charge Pig Steel 

of Sulphur 

No. 

Grams 

Grams 

Slagged 

Grams 

Grams 

Slagged 

1 

9.45 

2 91 

69.20 

14 98 

0 89 

94.05 

2 

9.48 

2 23 

76.40 

14 98 

1 50 

89.98 

3 

9.71 

2 07 

78.75 

16.32 

1.82 

88 82 

4 

9 61 

2 28 

76.40 

16.32 

1.72 

89 42 

5 

9 55 

2.98 

68.85 

16.32 

0.73 

95.53 

6 

9,71 

1.10 

88.70 

16.91 

1.88 

88 86 

8 

9.60 

0.37 

95.92 

16.91 

1.21 

92.85 

9 

9.52 

0.96 

89.96 

16.32 

5 45 

66.60 

10 

9 57 

1.16 

88.00 

16.66 

3 21 

80.72 

11 

9 60 

3.46 

63.90 

16.91 

2.61 

84 57 

12 

9.66 

4.25 

56,05 

17.26 

1.90 

89.00 

13 

9.70 

4.70 

51.70 

17.58 

1.67 

90.49 

14 

9.54 

1.46 

84.70 

16 91 

4.49 

73.40 

15 

9 55 

2.72 

71.55 

16 91 

4.04 

76 20 

16 

9 58 

2.16 

77.40 

16.91 

2 31 

86 35 

18 

9.57 

2 03 

78 80 

16 91 

1.00 

94.18 

19 

9.57 

2.00 

79.15 

16 91 

1.32 

92.20 

20 

9.56 

1 12 

88 29 

16 91 

1.83 

89.17 

21 

9.56 

2,67 

72 15 

16.91 

2.29 

86.42 

23 

19 29 

2 06 

89 30 

33.14 

3 22 

96 80 

Average 



77.26 



87 28 


ditions of the runs this is to be expected, because, with the carbon neces- 
sary to produce a pig iron, the atmosphere of the furnace was too reducing 
to allow oxidation of the phosphorus. Also, the slags used in some runs 
were very acid, as high as 41.1 per cent. SIOb. Leffler and Nystrom in 
their 1912 report on the Trollh^ttan furnace^<^ show results somewhat 
similar to those at Domnarfvet. From ores containing 0.002 to 0.055 
per cent, phosphorus, metal was produced which contained 2.68 to 3.85 
per cent, carbon and 0.013 to 0,045 per cent, phosphorus, with acid slags 
of from 36.54 to 45.15 per cent. SIOb* 

The conclusions drawn from these results are; ^ 

1. Increased carbon in the charge causes an increase of the percentage 
of phosphorus in the pig steel, because of the stronger reducing conditions. 

2. Increased basicity of the slag does not cause the slagging of more 

phosphorus if the slag is very thick. ^ 

3. If a small amount of fluorspar is added to thin the basic slag, the 

slagging of the phosphorus is assisted. 

4. Continuous operation of the furnace does not increase phosphorus 

in the pig steel. 

«~Lejffl[er, J. A., and Nystrdm, E.: Electric-furnace Pig Iron at TroHhattan. 
Metallurgical and Chemical Engineering, vol. x, No, 7, p. 413 (July, 1912). 
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5 Owing to the more oxidizing conditions in the electric furnace 
when pig steel is being made rather than pig iron, a greater percentage 

of the phosphorus is slagged. _ ^ , n i ^ 

Sulphur . — The hematite used in the experiments contained 0.14 per 
cent, sulphur and the coke 0.54 per cent. Contrary to expectation, no 
difficulty was experienced in concentrating the sulphur m the slag. From 
66.6 to 96.8 per cent, of the total sulphur in the charge was slagged, with 

an average of 87.28 per cent. , , r -xi, xi. 

In Group II, the sulphur acted contrary to the phosphorus with the 

increased reducing atmosphere, being easily slagged, owing to the 
better conditions for the formation of calcium sulphide. In Group III, 
the increase of lime in the charge caused a marked increase in the amount 
of sulphur passing into the slag. The coke in the charge was low in 
amount, so that some of the sulphur probably passed into the slag as 
calcium sulphate. From Group IV, it seems that a small amount of 
fluorspar in the charge aids in the elimination of sulphur from the pig 
steel, but an excess causes it to pass into the pig steel. As in the case of 
phosphorus, more sulphur passed into the slag when the latter was fluid. 
Continuous operation of the furnace did not cause increased sulphur in 
the pig steel, as 96.8 per cent, of the sulphur charged was slagged, and the 
pig steel produced contained 0.048 per cent, sulphur. 

In Stassano’s first experiments the difficulty of elimination of sulphur 
was shown, as, from ore with 0.058 per cent, sulphur, the pig steels 
produced contained 0.046 to 0.073 per cent, sulphur. From the writer’s 
experiments it appears that the slag must be very fluid and basic if sulphur 
is to be slagged in the making of pig steel, because of the weaker reducing 
atmosphere of the furnace. The slags used by Stassano were probably 
not basic enough. In his second series, from ore with 0.12 per cent, 
sulphur he obtained pig steels containing from 0.04 to 0.07 per cent, 
sulphur. Brown and Lathe, operating a furnace continuously, had 
difficulty in slagging sulphur. From ore containing 1 per cent, sulphur 
pig steel was produced which contamed from 0.54 to 1.04 per cent, 
sulphur. This was probably due to either the furnace not being hot 
enough, or the slag, although basic, not being fluid enough. In some 
previous experiments by the writer these factors were found to be the 
cause of high content of phosphorus and sulphur in the pig steels pro- 
duced. An illustration of the power of the electric furnace to slag sulphur 
with a heavy lime slag, if the slag is kept fluid by use of fluorspar, is 
shown in an experiment made by the writer for the production of ferro- 
molybdenum from molybdenite concentrate. There was 30 per cent, 
sulphur in the ore, while the ferro-molybdenum contained 0.19 per 
cent, sulphur, 0.73 per cent, carbon, and 50.55 per cent, molybdenum. 
Neveu and Arnou produced pig steel with 0.012 to 0.16 per cent, sulphur 
from ore containing 0.023 to 0.40 per cent, sulphur. The Domnarfvet 
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runs show that from a charge containing 0.50 per cent, sulphur a pig iron 
and occasionally a high-carbon pig steel was made containing less than 

0.005 per cent, sulphur. Similar results were obtained at Trollhattan. 

The conclusions formed are: 

1. An increased reducing atmosphere aids in the passage of sulphur 
into the slag. 

2. Increased basicity of the slag causes more of the sulphur to be 
slagged. 

3. By thinning the slag a small amount of fluorspar assists in sulphur 
elimination from the pig steel, but an excess has the contrary effect. 

4. Continuous operation of the furnace does not cause increased 
sulphur in the pig steel. 

6. With a fluid basic slag, sulphur can be slagged readily in the electric 
furnace production of pig steel in both a continuous and an intermittent 
operation. 


Loss OF Iron in the Slag 

The ferrous oxide in the slag was affected by the degree to which the 
operating conditions were reducing. With increase of coke in the charge 
the percentage of ferrous oxide in the slag was decreased, but was little 
affected by the variation of basicity of slag. The extremely high re- 
sults in experiments Nos. 1 and 2 are due to the carbon in the charge being 
made slightly less in amount than the calculated, because a very low 
carbon pig steel was desired. The high loss of iron in the slag of the 
continuous run was caused by tappings of slag when unreduced ore was 
low in the furnace. Some of the unreduced ore passed into the slag. 
In the operation of such a small furnace continuously this would be a 
natural result, but it should not occur with a large furnace. The slags 
of all the experiments contained an average of 7.47 per cent, ferrous oxide. 
The average loss of iron in the slags was 6.09 per cent. 

The results of the writer check closely the results of Neveu and 
Arnou, in which for a normal run the slag contained less than 8 per cent, 
ferrous oxide. Brown and Lathe had 3.6 per cent. FeO in the slag tapped 
with a 0.54 per cent, carbon pig steel, but had 26.94 per cent, ferrous 
oxide with a 0.091 per cent, carbon pig steel. In the writer’s experi- 
ments, with a 0.08 per cent, carbon pig steel, there was 14.23 per cent, 
ferrous oxide in the slag. Evidently for pig steels containing less than 
0.25 per cent, carbon there is apt to be high iron loss in the slag. At 
Domnarfvet, when a pig steel containing 1.70 per cent, carbon was to be 
tapped the slag contained 0.23 per cent. FeO, which checks closely with 
experiment No. 12, 1.64 per cent, carbon in the steel and 0.50 per cent, 
ferrous oxide in the slag. 

With steady operation in a large furnace, the loss of iron in the slag 
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should not exceed 4 per cent, of the total iron charged, depending on the 
amount of carbon desired in the product, but if a pig steel containing 
less than 0.25 per cent, carbon is produced there will probably be a 
greater loss of iron in the slag. 

Adaptability op the Process to Continuous Operation 

To produce a pig steel directly from ore in the electric furnace at a 
cost low enough to compete even in remote regions with 
standard steels, a process must have possibilities of large output. ^ While 
in the present development the electric pig-iron furnace is small in umt 
compared with the blast furnace, it will undoubtedly be eventually in- 
creased much above the present capacity. Applied to the production of 
pig steel, the electric pig-iron furnace offers much greater possibilities 
for large-scale work than any other furnace yet used in direct processes. 
In a shaft furnace of this’ type the energy consumption can be kept at 
a lower figure tbau in an intermittent furnace, because of the use of gases 
for preheating and reduction of the charge. 

An experiment was made, extending over several hours, to note the 
effect upon the pig steel of continuous charging and tapping rather than 
intermittent operation of the furnace. In addition to hematite, lime- 
stone, and coke a small quantity of fluorspar was charged. A tapping 
was made about the middle of the run, which resulted in the following 
products : 

Pig Steel 

Per cent. cent. 

0.39 Si02 • • 30.48 

0.08 CaO • 31.30 

0.12 MgO . . 13.39 

0 031 FeO.. . . • ■ 15.20 

. . . . 0.048 AljOs. . - 9-28 

The power consumption was 3,940 kw-hr. per long ton of pig steel. 
Prom the product it may be seen that as good a grade of pig steel can be 
produced in an electric furnace when operated continuously as when 
operated intermittently. 

The results of electric-furnace pig-iron manufacture in Sweden also 
show the feasibility of pig-steel production in the electric shaft furnace, 
as regards carbon and impurities in the pig steel and loss of iron in the 
slag. 

J. Crawford remarks as a result of his experience at Heroult with an 
electric shaft furnace : " The matter of too little carbon gives less trouble, 
and if the furnace is producing low silicon and carbon iron should give 
none at all.” From his results it appears 'that it is easier to operate the 
shaft furnace when making pig steel than when making pig iron. 


C. 

Mn 

Si 

P 

S 
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From the results available it seems that there should be no greater 
difficulty in the elimination of impurities from pig steel in a continuous 
shaft furnace than in intermittent operation. 

The following process might be used for the direct production of pig 
steel from ore in a continuous electric shaft furnace : The mixture of ore, 
flux, and reducing agent is charged continuously into an electric shaft 
furnace so that the shaft is full all the time. A pig steel containing less 
than 2.2 per cent, carbon is tapped from the furnace into a ladle for 
transference to an open-hearth or electric furnace if further refining is 
necessary, or if not, into an externally heated mixer for deoxidizing and 
addition of ferro-alloys. While the carbon can be regulated to a cer- 
tain extent by the quantity charged, if the production of a low-carbon 
steel, below 0.25 per cent, carbon, is attempted by reducing the amount of 
carbon in the charge, there will probably be excessive loss of iron by 
slagging. To avoid this loss advantage can be taken of the fact that 
the greater part of the reduction in the electric shaft furnace is per- 
formed by solid carbon in the upper part of the crucible. In the con- 
tinuous experiment performed, it was noticed that there was a tendency 
for fused unreduced iron ore to work down into the bottom of the crucible. 
In spite of the presence of carbon in the charge sufficient to reduce the 
ore, when metal was tapped with the furnace full of charge the pig steel 
contained less carbon than the product from intermittent runs in which 
about the same amount of carbon was charged. For example, in experi- 
ment No. 4, 0.263 lb. of carbon was charged per pound of iron, and the 
pig steel contained 0.53 per cent, carbon, in comparison with 0.39 per 
cent, carbon in the pig steel tapped during a continuous run with 0.268 
lb. of carbon per pound of iron. Experiment No. 9 shows a similar result. 

This possibly may be explained by the fact that since there is only 
enough carbon for reduction present in the electric furnace, after the ore 
is reduced in the upper part of the crucible and the lower end of the 
shaft, there is not so great an opportunity for the iron to come in contact 
with the coke as is the ease in blast-furnace smelting when sponge iron 
is carburized at the tuyeres, so that a comparatively pure product settles 
out in the crucible of the electric furnace. Or, it is possible that, due to 
the fact that in the electric furnace reduction takes place in close prox- 
imity to the pig-steel bath, some unreduced ore works down into the 
bath and decarburizes it. This was apparently the case in some experi- 
ments on the production of ferro-chrome, when the percentage of carbon 
was considerably lower in the alloys produced by operation with the 
furnace shaft full at all times than with intermittent runs. In this case 
reduction could not have taken place very high up in the furnace, as 
chromite is not reduced until a temperature of 1,185° C. is reached. 

A question might arise as to ease of tapping pig steel from a shaft 
furnace, because pig steel has a higher melting point than pig iron. The 
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writer had no greater diificulty in this respect with the small furnace used 
than is ordinarily experienced in experimental furnaces. In fact, 60 per 
cent, ferro-tungsten was readily tapped. In the experimental runs at 
Domnarfvet 1 per cent, carbon pig steels were tapped. It is probable 
that pig steel could be tapped from the Swedish type of electric shaft 
furnace as readily as pig iron, because of the concentration of heating in 
the crucible. 


Cost op Production 

Cost of production of pig steel from ore in the electric furnace is, of 
course, the main stumbling block to the success of such a process; As yet 
not enough practical work has been done to give conclusive figures. All 
work to date has been entirely experimental, and while it has shown that 
the metallurgical diflficulties are not impossible to overcome, few data 
as to actual cost are available. 

It may be stated, however, that in any place where there is a market 
for steel, and pig iron can be made at a profit in the electric furnace, it 
will be more profitable in the end to make pig steel for subsequent re- 
fining in an electric furnace or open hearth, than to produce electric- 
furnace pig iron with a subsequent refining to steel. This is true for two 
reasons: 

1. The power consumption has been found to be lower per ton of pig 
steel than per ton of pig iron, which results also in a decreased labor cost 
per ton, as no more labor or capital outlay is necessary to operate the 
plant for pig steel than for pig iron. 

2. As the pig steel contains a comparatively low percentage of carbon 
and impurities, the time necessary for refining is reduced, which results 
in a greater output at a lower cost. 

The results of the early experiments at Domnarfvet show that the 
power consumption per ton of metal produced decreased as the amount of 
carbon charged per ton of iron was reduced. 

In the latest report of the engineers at TroUhattan, it is stated that the 
power consumption per ton of pig iron varies in proportion to the iron 
content of the ore. A poor ore and pig iron high in silicon and manganese 
require more power than a rich ore and pig iron low in silicon and man- 
ganese. This was also found to be the case m California. The results 
of the writer, of course, show a high power consumption because of the 
small size of the furnace. 

^ong other expenses of pig-steel production, maintenance and 
capital charges would be about the same as for electric-furnace pig-iron 
production. The labor cost per ton of product would be a little lower for 
pig steel. The electrode consumption per long ton of pig iron has been 
reduced to 6.7 lb. It might be a little higher in making pig steel, because 
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of there being less carbon in the charge, but it should not exceed 15 lb. 
per ton of pig steel. 

The use of pig steel in the open-hearth was tried out at Degerfors, 
Sweden. It was found that pig steel produced by the electric shaft 
furnace was more suitable for steel making in the open hearth than 
ordinary pig iron, and required less time for complete refining. Normal 
pig iron made in the electric furnace was found to be less suited to the 
production of open-hearth steel than normal blast-furnace pig iron. 
This shows the advantage of production of pig steel rather than pig iron 
in the electric furnace when steel is to be the final product. 

SUMMAEY 

1. In the electric-furnace production of pig steel from ore, carbon in 
the product can be kept below 2.2 per cent., and regulated to an extent 
by the amount of carbon charged, without resulting in excessive loss of 
iron in the slag or in the production of a pig steel very high in impurities, 
if a fair grade of ore is used. 

2. It is not difficult to slag the greater part of the silicon, phosphorus, 
and sulphur of the charge, if the furnace is hot and the slag fluid, but 
conditions are less favorable to the slagging of sulphur than of other 
impurities in the operation of an electric f.urnace for pig-steel production, 
which is, of course, contrary to experience in the manufacture of pig iron. 

3. The loss of iron in the slag should not be excessive unless the 
pig steel produced is of very low carbon content. 

4. From the results with the Domnarfvet, Trollhattan, and Heroult 
furnaces, there does not appear to be great difficulty attending the pro- 
duction of pig steel in an electric shaft furnace, and in fact experience has 
shown that there is less difficulty in the operation of the electric furnace on 
pig steel than on pig iron. 

6. At any place where there is a market demand for steel, and pig iron 
can be made in the electric furnace at a profit, the steel ultimately produced 
would be cheaper, if made by the electric reduction of iron ore to pig steel, 
followed by refining in another furnace if necessary, than if the product of 
the electric-reduction furnace was pig iron to be subsequently converted 
to steel in another furnace. 
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Discussion 

J. W. Richards, So. Bethlehem, Pa. — I am extremely interested 
in this paper of Mr. Keeney’s, which is one of the most elaborate published, 
so far, on the attempt to produce a low-carbon product directly in the 
electric pig-iron furnace. I think that the commercial side of it is very 
important. If we can make a low-carbon product, equivalent in com- 
position, as far as carbon is concerned, to steel, and containing only 
moderate quantities of the other impurities, silicon, manganese, sulphur, 
and phosphorus, the refining of that pig steel to finished steel in the 
open-hearth furnace is a much easier operation than the refining of 
ordinary pig iron. That has been proved already. Several years ago I 
discussed that matter in connection with the Swedish electric pig-iron 
furnace, and I have always thought that it would eventually develop 
into commercial practice. 

John Crawford, Jr., Heroult, Cal. (communication to the Secre- 
tary’"). — The numerous and careful experiments carried out by Mr. 
Keeney on the possibilities of successfully making “pig steel” in the 
electric furnace have been studied by the writer with a great deal of 
interest. Judging from Mr. Keeney’s conclusions, the five main ad- 
vantages claimed for pig steel over normal low-silicon electric-furnace 
pig iron are: 

1. That it can be converted into steel with greater facility and at a 
lower cost. 

2. That it admits of greater economy in power consumption. 

3. That it admits of greater economy in reducing material. 

4. That the carbon content can be controlled within a limit of 2.20 
per cent, maximum. 

5. That the losses of iron in the slag will not exceed reasonable limits, 
say 6 per cent. PeO. 

As to the first claim: From published reports, white electric-furnace 
pig iron, sufficiently low in silicon and carbon to approach or actually 
come within the limits of pig steel, has not only been used successfully 
but has met with a very favorable reception by Swedish steel makers. 
Hence a recital of ourf efforts to dispose of a similar product to steel 
makers on the Pacific Coast may be of interest. In May, 1912, there 
was in our stock yard about 150 tons of white iron which had been made 
some time previous in our shaft furnace. This was semi-porous and 
quite similar both in appearance and analysis to the pig iron which was 
at that time reported as being used successfully for steel making in 
Sweden. The analyses and weights of the several casts were as follows : 


* Received Apr. 9, 1914. 
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Silicon 

Carbon 

Weight 

Per Cent, 

Per Cent. 

Tons 

0.56 

2.47 

6 

0.19 

2.60 

12 

0.26 

2.82 

5 

0 43 

2.92 

5 

0 86 

2.66 

5 

0 46 

2.72 

6 

1 09 

2.86 

10 

1.11 

2.58 

10 

0.94 

2.89 

12 

1.53 

2.82 

10 

0 97 

2.71 

8 

0 75 

2.60 

12 

0.73 

2.60 

14 

1.00 

2.73 

9 

0.60 

2.43 

10 

0.37 

2.39 

10 

Average 0.74 

Average 2 67 

Total 144 


The sulphur was uniformly under 0.03 per cent.; the phosphorus 
under 0.04 per cent.; and the manganese varied from 0.22 to 0.28 per 
cent. 

Stimulated by the results which were being attained in Sweden we made 
considerable effort to induce steel makers on the Pacific Coast to try it. 
Finally by making a very attractive price we induced one firm to use it. 
This concern operates both basic and acid open hearths for making con- 
crete reinforcing steel. The report of the works superintendent on it 
was rather indefinite but not enthusiastic. He said “It worked pretty 
well but normal pig iron was more satisfactory. ” Since that time we have 
sold this concern about 1,000 tons of normal low-silicon pig iron and also 
a few odd carloads of white iron which approached in analysis pig steel. 
They advise that no difference is noted in the working of normal electric- 
furnace pig iron as compared to normal blast-furnace iron of similar anal- 
ysis. The pig iron brought the market price, but the pig steel always had 
to be offered on more favorable terms, and even at a reduced price it 
did not call forth any repeat orders. 

These remarks are not intended to be construed as a contradiction of 
the favorable reception which pig steel has been accorded by the Swedish 
steel men, but it does seem to indicate that to gam the advantages claimed 
pig steel must be used “according to prescription” and a good deal of 
“missionary work” might be necessary before American steel makers, 
who have no patriotic interest in the matter, would do the necessary 
experimenting to prove the advantages claimed. 



182 


PIG STEEL PEOM OEB IN THE ELECTEIC EUENACE 


In regard to claims 2 and 3, while there is certainly an appreciable ' 
saving both in reducing material and in power in making low-silicon as 
against high-silicon iron in the electric furnace, how much this saving 
can be further increased by making pig steel instead of normal low-silicon 
pig iron is an open question. So far as the writer knows, no data have 
been published covering a continuous, systematic effort to make pig steel 
on a commercial scale. Messrs. Nystrbm and Leffler, in closing their 
report of a 215-day run in electric smelting at TrollhEttan, make the 
statement: “The possibility of a very low carbon product — pig steel — has 
not yet been tried. ” As this report was made almost two years ago and 
no further data on making pig steel have been given out, it is fair to 
assume that either the possibilities of making it did not seem feasible or 
that if tried the results were not altogether successful. This opinion 
seems to be further verified by the statement of Ivar Earthen, Assistant 
Chief Engineer, Jernkontoret, Stockholm, “who says, referring to electric- 
furnace operations in Sweden: “ The first expectations of the inventors 
may have been that only as much coal should be put in the [electric] blast- 
furnace as was needed by the chemical constitution of pig iron, as regards 
carbon; the heat indispensable to the process being secured by electric 
current. Even if those expectations could not be realized, still about 65 
per cent, of the coal ordinarily consumed is saved. ” 

We find in Messrs. Nystrom andLeflSer’s report that for a period of 
215 days’ continuous operation, during which over 3,000 tons of iron was 
made, the silicon averaged only 0.72 per cent., which seems to indicate 
that although they were not endeavoring to make pig steel the metal 
produced was approaching it more nearly than it was normal pig iron. 
Since there are no data available to indicate that the fuel consumption 
has been lowered, we assume that the figures as given in their report are 
still substantially correct. It may be interesting, therefore, to make 
some comparisons between carbon economy attained in making low-silicon 
pig iron in Sweden, the results obtained by Mr. Keeney in his experimental 
furnace, and those obtained in producing the few casts of low-silicon iron 
previously noted as having been made at Heroult in a shaft-type furnace. 
From the Trollhattan report we gain the following information: 


Pig iron produced (95.36 per cent. Fe), metric tons 3,215 

Coal charged (72.89 per cent. C), metric tons 1,301 

Per cent, carbon in pig iron (average) . 3.406 

Per cent, silicon in pig iron (average) 0.72 

Per cent. FeO in slag (mean) 3.40 


“/row Age, vol. xciii, No. 4, p. 253 (Jan. 22, 1914). 
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Furnace 

Per Cent. Carbon* 
Used to Iron 
Produced 

Per Cent. Carbon 
Used in Reduction 
and Losses to Iron| 
Produced 

Carbon 
in Iron, 
Per Cent. 

Silicon 
in Iron, 
Per Cent.] 

1 

FeO 
in Slag, 
Per Cent. 

TroUhattan 

29.5 

26 1 

3.40 

0.72 

3.40 

Keeney 

28.7 

27.6 

1.07 

0 11 

6.56 

Heroult 

29.9 

27 2 

2.67 

0 74 

4.30 


A comparison of these figures shows that though Mr. Keeney has 
made pig steel very low in carbon and silicon, the per cent, of total 
carbon consumed is little better, considering the greater loss of iron in the 
slag, than is attained in shaft-furnace practice when making low-silicon 
iron. The reason for this lies in the fact that in the shaft furnace the 
carbon used in reduction is oxidized to CO and CO 2 in the ratio of about 
2.5 to 3 CO to 1 CO 2 by volume (the average given by Nystrom and 
Leffler is 2.68 to 1), whereas in the small rectangular furnace used by Mr. 
Keeney we find the average ratio CO to CO 2 to be 4.7 to 1, with a mini- 
mum of 1 to 1 in experiments Nos. 1 and 2, where the FeO loss in the slag 
was 14 and 13 per cent, respectively, and a maximum of 11.2 to 1 in 
experiment No. 12, where the FeO loss in the slag was only 0.50 per cent. 
(Experiment No. 13 was excluded as it appears erratic.) 

If we recast Mr. Keeney’s figures on a basis of CO :C02 : :2.75 :1, 
which makes them comparable^^ with results attained in the shaft-type 
furnace, we have: 


Furnace 

Per Cent. Carbon 
Used to Iron 
Produced 

Per Cent. Carbon 
Used in Reduction 
and Losses to Iron 
Produced 

Carbon 
in Iron, 
Per Cent. 

Silicon 
j in Iron, 
Per Cent. 

Fe 

in Slag, 
Per Cent, 

TroUhattan, shaft 
type. 

29.5 

26.1 

i 

3.40 

0 72 

3.40 

Keeney, shaft type 

25.5 

24.4 

1.07 

o.n 

6.56 

Heroult, shaft 
type. 

29.9 

27.2 

1 

2.67 

0.74 

4.30 


These revised Keeney figures show a saving in carbon of 4 to 4.5 per 
cent., or an economy in reducing material of about 5 to 6 per cent. The 


1* Since at Heroult the circulating gases were not scrubbed and since at TroUhattan 
the moisture was reduced to 0.5 g. per cubic meter, and because part of the carbon 
consumed in reducing CO* in the circulating gases to CO is later recovered by the 
reducing action of the CO on the ore, no account was taken of these in revising Mr. 
Keeney's figures. Though not strictly accurate, the figures given are dose enough 
for comparison. * 
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metal is low in carbon and silicon and the slag loss is not unreasonable. 
They are certainly very attractive^ but can they be attained or even 
closely approximated in actual practice? The writer does not think so. 
He believes we have already attained very close to the practical limit of 
carbon economy in the types of furnaces existent. Any further appreci- 
able decrease in reducing material will be at the expense of lower recovery. 

Mr. Keeney cites (p- 175, Loss of Iron in the Slag), a result obtained 
at Domnarfvet, where pig steel running 1.70 per cent. C was accompanied 
by a slag containing only 0.23 per cent. FeO. In the absence of knowledge 
of the fuel ratio used and the analyses of the slag and metal taps immedi- 
ately preceding and following it is hardly safe to make any observations 
on this, but in experiment No. 12, which Mr. Keeney cites as analogous, 
we note the carbon used is 29.8 per cent, of pig iron produced, which 
cannot be considered any economy over present shaft-furnace practice. 

The writer's justification for the opinions given in the preceding para- 
graphs is based on observations of both shaft-type and rectangular- 
type furnace at Heroult and on such data as have been available concerning 
electric iron furnaces, operating elsewhere. The results of his deduc- 
tions may be summarized as follows: 

The theoretical amount of carbon required to make pig metal from 
iron ore depends: 

1. On the ratio in which the carbon combines with the oxygen in the 
ore to form CO and CO 2 . 

2. On the carbon absorbed by the metal. 

3. On the carbon used in reducing silica and the other metalloids. 

4. On the carbon consumed by oxygen dissociated from aqueous vapor 
and atmospheric oxygen occluded in the reducing material and sucked 
into the furnace through cracks. 

5. On the portion of the carbon consumed in reducing CO 2 to CO 
which is not later recovered by the reducing action of the latter on the 
ore. 

With sufficient carbon present to satisfy these requirements we should 
make pig iron, with an accompanying slag free from iron. But whether 
we do or not depends on another factor, which, though understood by all 
metallurgists, does not seem to have been given the importance it merits 
in electric smelting; this is, the ratio of size of the reducing material to the 
ore and the homogeneity of mixture of the two when they have descended 
to the smelting zone. Even in the shaft-type furnace, where a consider- 
able reduction by CO can be counted on, much ore reaches the smelting 
zone of the furnace wholly or partly unreduced. Whether this is 
smelted at this point to an oxide which combines with the silica of the 
slag, or is reduced to metal, depends on the intimacy of its contact with 
carbon. Our experience with the shaft-type furnace indicated that even 
with a brittle reducing agent, like charcoal, if an excess over theoretical 
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calculations was not used the slag losses were erratic and generally high. 
The absorption of carbon by the metal was also erratic, but it did not 
always vary in inverse ratio to the slag losses, which might be expected 
and is indicated by Mr. Keeney’s experiments. Obviously, if lump coke is 
substituted for charcoal conditions will be much worse. On one occasion 
it was necessary for the writer to be absent when one of our rectangular 
furnaces was being started upon coke, and the furnace man in charge 
failed to follow instructions re crushing the coke. On his return, two days 
later, the writer found melted oxides were being tapped from the furnace, 
and practically no metal. Without altering the amount, coke crushed to 
the proper size was used in the charge, and within a short time normal 
foundry iron was being produced. 

Hence it is apparent that to keep slag losses within reasonable limits 
we must either use a considerable excess of lump coke or use crushed coke. 
The former method will result in an accumulation of coke in the cruci- 
ble, low voltage, excessive current densities, high power consumption, 
poor power factor, melting roof, etc. The latter method, while presenting 
no metallurgical or electrical trouble, would in a shaft-type furnace 
make the burden so dense as to offer too much resistance to the ascending 
gases and would further aggravate the natural tendency of coke to “hang 
up,” with subsequent annoying if not dangerous “slips.” Crushed 
coke has been used satisfactorily by us in our rectangular furnaces for 
making all grades of foundry iron and doubtless could be utilized for 
making pig steel without excessive slag losses. But in furnaces of the 
rectangular type there is little reduction by CO in the stacks, hence the 
ratio of CO to CO 2 is high and the desired fuel economy is not attained. 

To summarize, our experience at Heroult has indicated: 

1. That though pig steel may have signal advantages over normal 
low-silicon pig iron for steel making, American steel makers will probably 
be found to be “from Missouri” and “will have to be shown.” 

2. That though there is considerable economy in both carbon and 
power in making low-silicon iron as against high-silicon iron, carbon 
requirements cannot be made practically to approximate the theoretically 
calculated amount. 

3. That pig steel of 2.20 per cent, maximum carbon can be made in 
existing types of rectangular electric furnaces with reasonable slag losses, 
but with high carbon consumption as compared to shaft-type furnaces. 

4. That pig steel of 2.20 per cent, maximum carbon cannot be made 
practically in existing types of electric shaft furnaces with carbon econ- 
omy approaching theoretical figures except by accepting a high loss of 
iron in the slag. 

5. That pig steel can be made with lower power consumption than 
normal low-silicon pig iron, but the saving per unit of production will be 
mitigated by the lower percentage of recovery. 
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6. That the best commercial possibilities for making pig steel with 
low fuel consumption and high percentage of recovery seem to be offered 
by the use of briquets of concentrates and reducing material, or flue 
dust and reducing material, in a furnace of the shaft type. 

Though not properly a part of this discussion, since Mr. Keeney 
mentions Trouble was experienced at the Hardanger, Norway, electric 
pig-iron plant with coke as a reducing material, it may be of interest to 
briefly summarize our deductions from 90 days of operating our rectangu- 
lar furnaces on coke. 

1. Any ordinary grade of coke, by crushing it, can be used satis- 
factorily frdm both a metallurgical and an electrical standpoint to pro- 
duce any normal grade of pig iron. But, depending on its porosity and 
crushing strength and its analysis, there is for each variety a size, to 
be determined by experiment, which will give from all standpoints best 
operating conditions. 

2. Soft, porous cokes are to be preferred over hard, dense cokes, be- 
cause the former can be fed in larger pieces and still insure homogeneity 
of mixture when the burden descends to the smelting zone. Purther, 
they cost less to crush, and there is less loss in fines and flue dust because 
of the larger size which can be used. For ore crushed to pass a 2f-in. 
grizzly a soft, porous coke gives best results when crushed to pass a If-in. 
grizzly. Certain hard, dense cokes had to be crushed to pass a f-in. 
grizzly. 

3. If the coke is of the proper size when it reaches the smelting zone, 
operations may be carried on with as high voltage, low current densities, 
good power factor, and as cool a roof when using coke as when using 
charcoal. 

4. The power consumption per unit of production is higher with coke 
as a reducing agent than with charcoal, but the increase is due to the 
extra amount of slag made. This depends on the composition and amount 
of ash in the coke and the amount of sulphur in the coke. 

5. The carbon consumption per unit of production is higher with 
coke than with charcoal. This is due partly to the greater flue-dust 
losses from crushed coke than from lump charcoal and partly to the for- 
mation of carbides, in the high-lime, desulphurizing slag, all of which are 
not subsequently decomposed. 

6. If electrodes are regulated to form a free-burning arc the use of 
coke has no bearing on the electrode consumption. If, however, elec- 
trodes are inserted in the charge to form a submerged arc, as is our prac- 
tice, the consumption of electrode material is considerably greater, espe- 
cially with graphite electrodes. This is due principally to the greater 
abrasive action of coke than charcoal, though partly also to the attack 
of the lime slags on the electrode material. We found the electrode loss 
from breakage (using 12-in. graphite electrodes) very excessive, doubtless 
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due in part to the greater density of the burden when using crushed coke 
as against lump charcoal. On this account, after carrying our experi- 
ments far enough to demonstrate the commercial feasibility of operating 
on coke, we have shut our furnaces down pending alterations to permit 
the use of 24-in. carbon electrodes, which, besides being stronger, will 
better resist the abrasive action of the burden. 

7. With a coke running 1.25 per cent, sulphur we had little difficulty 
in keeping the sulphur in the pig below 0.05 per cent., and much of the 
iron made was under 0.03 per cent, sulphur. 

8. No trouble was found in making foundry irons up to 3.50 per cent, 
silicon or higher if desired. In fact, on account of its high, easily reduced, 
siliceous ash, coke will produce a high-silicon iron somewhat more readily 
than charcoal. 

9. Except for a somewhat more open grain, no difference has been 
noted thus far in the physical characteristics of iron made with coke and 
iron made with charcoal. 

10. Crushed coke, especially when high in ash and with a large per- 
centage of fines present, has a tendency to cause the burden to hang. 
This we believe would prohibit its use successfully in a furnace of the 
shaft type. However, in the rectangular furnaces there is an opportunity 
to dislodge scaffolds by barring down, if the hang is of any duration. 
There are several ways in which the presence of a hang up can be detected 
before it has become serious. A mixture of 15 to 25 per cent, of lump 
charcoal with the coke is quite effective in keeping the burden from 
hanging up. 

In conclusion, we may say that coke has nothing to recommend it 
over charcoal for an electric-furnace reducing material excepting the 
difference in price. However, “black-butts,” screenings, and even 
breeze if the dust is removed, can be mixed to make a satisfactory reduc- 
ing material. As such grades of coke can usually be secured at a very 
attractive price this may more than offset the disadvantages of its use. 

The writer apologizes for offering the above statements as “glittering 
generalities” unsubstantiated by definite figures, but, since the data 
obtained varied considerably with the chemical and physical properties 
of each coke tried and the size to which it was crushed, even a synopsis 
of this rather voluminous data is considered beyond the scope of this 
discussion. 
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Valuation of Iron Mines 

Further discussion of the paper of James R Finlay, Trans., xlv, 282, with special 
reference to the discussion by R. B. Brinsmade. 

BY B. E WHITE, ISHPEMINO, MICH. 

I DiSAGBEE with Mr. Brinsmade on several points, and I will discuss 
his remarks under the same six topics which he has used. 

1. Rate of Interest Earned by Sinking-Fund . — believe Mr. Brinsmade 
is confused in his ideas as to the effect of new gold on the interest earned 
on money. The flood of gold which he mentions certainly should not 
operate to increase interest rates, but since it replaces and adds to 
liquid capital should reduce interest rates and counteract the destruction 
of liquid capital which he mentions. Furthermore, it is doubtful if the 
destruction of capital since 1897 by wars and catastrophes has been any 
greater in proportion than in similar periods before 1897 . With regard to 
savings banks, I would say that only 3 per cent, is allowed on deposits 
through a large part of the West. As to bonds, they can be bought to 
yield any rate of interest desired up to 6 per cent., but a 5 per cent, bond 
is not as safe as a 4 per cent, bond, nor a 4 per cent, bond as safe as a 
3 per cent, goverrunent security. 

I do not understand why Mr. Brinsmade says that Mr. Denny’s 
quoted opinion of a 3 per cent, rate is evidently based on English condi- 
tions before the Boer war. Certainly there is no reference to the Boer war 
or to English conditions in Mr. Denny’s article. M. Howard Burnham, 
in his admirable work on mine valuation, says:*- “ For instance, redemp- 
tion is taken at 3 per cent., because even 4 per cent, represents a greater 
risk, as is indicated by the purchase of Government paper to bear only 
3 per cent., the great desideratum of the latter being security.” Again, 
Mr. Burnham says:* “The tables are calculated on the assumption that 
the dividends shall accumulate at 3 per cent, only, as in accordance with 
the general idea set out elsewhere, a rate greater than 3 per cent, in- 
volves appreciable risk with which it were inaccurate to saddle the 
sinking-fund if risks are to be segregated, this being the basis of all the 
writer’s calculations.” 

Consols, the best-known government security in the world, are now 
(December, 1913) selling at about 72, yielding 3.48 per cent, on that price; 
French Rentes are selling to yield 3.5 per cent, and German 3 per cents to 
yield 3.95 per cent. Every one knows, however, that bonds and invest- 
ment stocks all over the world are depressed at the present time, due to 

1 Burnham, M. Howard: Modem Mine Yaluaiion, p. 19 (1912). 

’ Idem, p. 134. 
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straining of credit by the last few years of great prosperity, and the 
consequent scarcity of money. The usual return on Consols is lower 
than at present, and it has only averaged higher for one year in the last 
75 years — in 1848, when it averaged 3.61 per cent. In 1897 it averaged 
2.45 per cent., and in only five of the last 30 years has it averaged higher 
than 3 per cent. It therefore seems to me that Mr. Denny and Mr. 
Burnham are amply justified in assuming that 3 per cent, is the rate of 
interest that should be expected for a minimum risk. 

2. Rate of Interest Earned by Investment — I am not at all certain that 
Mr. Denny referred to gold mines with uncertain and scanty ore reserves 
in his statement of mining risks, as Mr. Brinsmade says. The Band can- 
not be included in this class and I certainly believe it fair to assume 
that he included the Rand in his general statement of mining risk. A 
statement from Mr. Denny would be valuable in this connection, also 
from Mr. Hammond, whom I quoted in my discussion of Mr. Finlay’s 
paper. 

I disagree with Mr. Brinsmade in his comparison of iron mines and city 
real estate. As Mr. Brinsmade says, city real estate is speculative, but 
a decrease of 25 per cent, in the gross income only means a decrease of ap- 
proximately 50 per cent, in the net income and therefore in the value, 
whereas in the case of most iron mines a 25 per cent, cut in ore prices 
would mean a decrease of 100 per cent, in the net income; that is, would 
wipe out all the profit and all value. For instance, assume taxes, repairs, 
maintenance, etc., to be 5 per cent, of the value of real estate, then the 
rent must be 10 per cent, to return 6 per cent, net on the investment. 
If the rent falls to 7| per cent, the net income would be 2| per cent. In 
the case of iron ore, however, the selling price is roughly $4 per ton, and the 
profit rarely over $1 per ton, usually much less. A decrease of 26 per 
cent, in the value per ton would therefore take all the profit. In other 
words, the cost of production is a so much larger proportion in the case of 
iron ore that the two cannot be fairly said to resemble each other. I 
believe the low rate of interest accepted by investors in real estate is partly 
due to the fact that they expect an unearned increment — i.e., an increase 
in the value of their property due to the growth of the city. Investors 
in real estate are willing to pay more, and value the property upon a 5 per 
cent, basis, for the same reason. There is little chance of an increase in 
the value of an iron mine, where the ore is already blocked out. There is 
almost no chance of a permanent increase in the selling price of the ore, 
so that any increase in the value of such a mine must be due to a de- 
crease in the cost of production. The tendency of the latter is in the 
wrong direction at present. 

Mr. Finlay applied his method and the same rate of interest to all 
Michigan mines, regardless of whether or not there was any speculative 
value due to possible increase in the ore reserves. Where mines are valued 
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on the assumption that the ore body continues for 100 ft. below the bottom 
level, or some other conservative arbitrary distance, there is a possibility 
of increase in the ore reserves and in thevalue, as in the case of real estate. 
Where the limits of the ore bodies are completely known, however, either 
by underground work or by diamond drilling, or where any possible 
extension of an ore body is cut off by the property lines, this speculative 
value does not exist, and the return on the investment should be cor- 
respondii^ly greater. By using the same rate of interest in valuing all 
mines by this method, an injustice is done mines which are fully de- 
veloped, 'and particularly certain mines where the ore bodies are in 
flat-lying beds, and where the whole tonnage may therefore be calcu- 
lated from the results of drilling. J. Parke Channing discusses this point 
in his remarks on “Mine Valuation.” He says “ May it not be possible 
to have a min a with too much ore in sight? I ask this question 
because the general tenor of the discussion on mine valuation has made 
ore in sight the crucial test of the value of a property. If based on this 
test, many of our good iron mines would make a sorry showing, and yet 
their capacity for production is well known and year after year they 
come up to expectation.” Speaking of certain pyrites mines, Mr. 
Channing goes on to say; “We have taken the ground that in mines of 
this character the deposits are so regular that the better test of their 
relative values is to be found in their capacity for production per 100 ft. 
of depth, rather than in the number of tons of ore available for im- 
mediate shipment; that is, in sight.” In other words, Mr. Channing 
filfl-imfi that mines should not necessarily be valued in proportion to their 
ore reserves, and that if they are, the mines with the most ore in sight are 
overvalued. This is the same as saying that if ore reserves are taken 
into account, as they must be, the valuations of mines with large ore 
reserves should be obtained by capitalizing the profits from the reserves 
at a higher rate of interest than in the case of steady producers with 
small ore reserves but considerable speculative value. 

Another important difference between iron mines and city real estate 
is the amount of physical risk to the property. It must be admitted that 
the risk of fires, cave-ins, strikes, sand-runs, breakdowns of machinery, 
etc., in the case of mines, is greater than the risk of fires, floods, tornadoes, 
etc., in the ease of city real estate. Furthermore, the cost of insurance 
against these risks in the case of real estate is comparatively small, and is 
included in the fixed charges. In the case of mines no insurance against 
the risks mentioned above is carried, as its cost would probably be pro- 
hibitive, and the damages difficult to ascertain. 

Another condition that enhances the value of city real estate, and so 
affects the rate of interest, is the possibility of ready sale without material 
sacrifice. Iron mines are only sold at long intervals. 

• Engineering and Mining Journal, vol. Ixxvi, No. 11, p. 383 (Sept, 12, 1903). 
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The differences between iron mines and real estate are, briefly, the 
greater stability of profits in the case of real estate, the lesser physical 
risk and possibility of covering it with insurance, the greater chance of an 
increase in the principal (as compared with most iron mines), and the 
possibility of ready sale. In view of these differences it certainly seems 
reasonable that the return upon an investment in iron mines should be 
considerably greater than upon an investment in real estate. 

As regards stock-market valuations, Mr. Finlay realized that mines 
are much overvalued in the stock market and disregarded these valuations 
in his valuation of Michigan copper mines. This overvaluation is prob- 
ably because stocks are a medium of speculation and most investors in 
mining stocks expect to make more from an increase of principal than 
from dividends. Because speculators are satisfied with 5 per cent, 
dividends from listed mining stocks is no reason that that is a fair return 
on money. They all expect to make more than that, whether they do 
or not. I would ask Mr. Brinsmade if he would invest in mining stocks 
expecting to net only 5 per cent, after charging off part of his dividends 
for a sinking fund, or if he values mining properties for his clients on a 
5 per cent, basis. 

Mr. Burnham says:^ “It is a source of constant wonder that people 
invest in copper or silver ventures on the same basis as gold — i.e., that they 
accept, say, 6 per cent, return on copper shares, and ask the same of 
gold. If such investors could bring themselves to abandon their attitude 
of self-deception for a moment they would no doubt admit that what they 
really want is share speculation, but in order to indulge themselves com- 
fortably in such pastime, they seek to be told that it is investment.” 

In this paragraph Mr. Burnham had reference to the variable selling 
price of other metals than gold, and iron ore falls in the same class as cop- 
per and silver. I believe that 5 per cent, is altogether too low a return to 
make an investment in iron mining attractive, and therefore too low a rate 
to use as a basis of valuation. 

It has been claimed that in a valuation such as Mr. Finlay’s all risks 
are taken into account in the average cost of production. This might be 
true of certain hazards of the mining business, such as strikes, mine fires, 
cave-ins, sand-runs, etc., if they have happened during the period for which 
costs are averaged. They probably have not happened in such a short 
period, however, and there is always the risk that they may be worse in the 
future t.hfl-n in the past. But, aside from these risks, there are certain 
risks that cannot possibly be taken account of in the cost of production. 
These are the risk that the future average price of ore will be less than the 
average price assumed, the risk that the estimate of tonnage, often based 
largely on diamond drilling, is too great, and the risk that for one reason or 
another the aTinnal prod uction, depending upon theamount thatcanbesold 
^ Modem Mine Valuation, p. 26. 
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annually, may not average as high in the future as in the past. These 
risks can only be taken into account by a rate of interest higher than the 
normal rate of 5 per cent., and necessitate a rate of at least 10 per cent. 

3. Place of Royalty Item in Valuation.— From Mr. Brinsmade's dis- 
cussion it is evident that he misread my paper. I had no idea of adding 
royalty to mining cost in reckoning valuation for taxation purposes and did 
not do so in my discussion of Mr. Finlay’s figures. I considered royalty 
in comparing the cost of production of Lake Superior and Cuban ores, 
for reasons stated, but that is a very different thing. 

If we were reckoning valuations from the standpoint of a purchaser 
it would nevertheless be entirely correct to add royalty to mining cost, 
and I therefore disagree with Mr. Brinsmade’s last paragraph on this 
subject. Theoretically royalties may not affect the scale of prices, but in 
practice they do when an industry is firmly established on a royalty basis 
with long-term leases, as is the case in the Lake Superior district, or in 
the anthracite field in Pennsylvania. If conditions change so there is no 
profit to the operator on this royalty scale, I admit that the average 
royalty would tend to decrease, but it would be a slow process and would 
probably take at least 10 years to effect any considerable decrease in the 
royalty. A purchaser could not count on such a future reduction and 
must consider royalty as a mining cost. From the standpoint of the 
State, royalty is immaterial, however, since it makes no difference to the 
State whether the profit goes to the operator or to the fee owner in form 
of royalty. The valuation for taxation purposes is necessarily reached 
by including royalty as profit. 

4. Place of Taxation Item in Valuation.— Mr, Brinsmade’s suggestion 
is very good theoretically, but I do not believe it is practical. If the 
only taxes to be levied were State taxes, it might do, but with the compli- 
cation of city, township^ and county taxes brought in, different for almost 
every mine, it would be very difficult to apply. No values could be placed 
on the mines until the preliminary valuation of each city, township, and 
county and the total valuation of the State were determined and the 
amount of money to be raised for each. '' t’^ would then have to be deter- 
mined independently for each mine three times, for city, county, and State 
taxes, and the sum of the three t’s used to figure the final valuation. 

It seems to me simpler to apportion each mine its share of the taxes 
for the current year as nearly as can be estimated and divide by the aver- 
age tonnage per year, adding the cost of taxes per ton to mining cost. 
The result should be the same as by Mr. Brinsmade’s suggested method. 

5. Calculation of Future Ore Prices. — Mr. Brinsmade treats Mr. 
Finlay’s assumed future price of Lake Superior ore too lightly. To be 
sure, it is not so bad for a company to pay $100,000 more than its fair 
share of taxes for one year as it would be to pay the extra $100,000 for 
10 years, but it is bad enough. Furthermore, it is just as bad to have the 
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erroaeous assumption made every year for 10 years as it would be to 
have it made in the beginning to hold for 10 years. In Michigan, Mr. 
Finlay’s valuations stood for two years, and when they were revised, I 
believe, the future price of. ore was determined from the average of ore 
prices for the last five years instead of Mr. Finlay's period of seven years. 
If the revaluation were made every year and the same period used each 
year to determine the average price, I admit that the errors in determining 
the future price would balance in the course of time, but what security 
is there that the same period will be used each year, with changing tax 
commissions and different mining experts? After a period of low prices 
when mines have been valued high because of the high average price 
during the previous period it will be a great temptation to the tax com- 
mission, when prices rise again, to change the period used to determine 
the average price so as to obtain a higher average, more nearly corre- 
sponding with current prices. In this way the mines would always be 
taxed on the basis of high prices. In other words, the human and political 
element must be considered, and the future average price must be fore- 
casted as accurately as possible, not depending on errors to balance. 

6. ValuaMon of Undeveloped Mining Land. — “Self-assessment” may 
be practical for timber and real estate where the value is in sight and may 
be estimated closely. In the case of undeveloped mining property, 
however, the owner does not know the true value, and has no means of 
determining it except by expensive exploration. It surely is not right 
to force him to explore it, involving not only the expenditure of large sums 
of money but a large annual loss in interest on this expenditure until such 
time as the property can be developed. It would be suicidal for an opera- 
tor to attempt to explore and develop all his undeveloped land at once, 
yet that is what “self-assessment” would lead to. Such a policy would 
result in over-expansion of the operator, overproduction of iron ore, and 
collapse in the first period of business depression. Would Mr. Brinsmade 
wish to force an overproduction of iron ore similar to the overproduction 
of bituminous steam coal, or rather the over-capacity of production, in 
this country? It is well known that most soft-coal mines are closed down 
a part of the year. Iron mining is now a prosperous industry and the 
miners are weU housed and fed and have steady work all the year round 
as a rule. There is over-capacity enough in the iron business now with- 
out forcing development of all undeveloped lands at once. “Self-assess- 
ment” is diametrically opposed to conservation, to which more and more 
attention is being directed of late. 

If “self-assessment” did not lead to over-development and over- 
production, it would lead to confiscation of property by the State, and 
we have not yet reached that stage in this country. The State has no 
right to force an owner to sell or to name a price at which he wiU sell. 

Another disadvantage would be the possibility of the land becoming 
von. ii.^ — 13 
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more valuable before a second assessment. It would be a temptation to 
graft and dishonesty on the part of office holders, who might confiscate 
the property and sell to more favored parties. Others would probably 
know of the increased value long before the owners, and by conniving 
with State officials might confiscate it. 

Summary. — In Mr. Brinsmade’s summary he states that Mr. rinla 5 ’’’s 
general scheme of mine valuation has been sustained by the ^Michigan 
courts. This is true, as far as it goes, but it must be borne in mind that 
it was only the general scheme that was ruled upon in the Newport and 
Sunday Lake cases, to which Mr. Brinsmade undoubtedly refers; that 
the factors used by Mr. Finlay were not specifically confirmed; and that 
these cases have only been decided in the lower court. The Newport 
case has been heard in the Supreme Court but has not yet been decided. 
The Sunday Lake case has been appealed, but has not yet been heard in 
the Supreme Court. 

Mr. Brinsmade must be unfamiliar with the terms of leases in the Lake 
Superior district, since he commiserates “ any operators who . . . were 
unwise enough to take long leases on a fixed royalty wdth the proviso that 
the lessee should pay all taxes.’' As a matter of fact, all operators have 
to take leases either on a flat rate royalty or on a percentage of the selling 
price per ton, since those are the only royalty terms ever given in the 
district. A percentage basis is worse for the operator than a flat rate, 
since as taxes increase the selling price increases and hence the royalty 
increases. A percentage of net profit would be more desirable from the 
operator’s standpoint, but I know of no such leases in the district. It is 
doubtful if fee owners would ever agree to such an arrangement, since it 
would be apt to lead to falsification of records and wrongly kept cost 
sheets, and with mismanagement they would receive little or no royalty. 

E. B. Brinsmade, Puebla, Pue., Mexico (communication to the 
Secretary*). — In answer to Mr. White’s criticisms I beg leave to offer 
the following explanations, using the same six topics as before : 

1 and 2. Rates of Interest Earned by Sinking Fund and Investment . — 
Mr. White is correct only as to the ultimate effect of a flood of gold, which, 
being liquid capital, would undoubtedly tend to lower the rate of interest. 
But the transient effect of a rapid and continuous increase in the money 
metal is the opposite, on account of its boosting effect on commodity 
prices. The rise in Sauerbeck’s index of ajverage prices, which has taken 
place since 1896, has forced creditors to protect themselves by a sufficient 
increase in the rate of interest to cover the expected loss in the purchasing 
power of their loaned money when the debt will be repaid. Thus, if 
the normal rate were 4 per cent., the interest would be advanced to 5 


* Received Jan. 16, 1915. 



VALUATION OF IRON MINES 195 

per cent, whenever the purchasing power of money was falling 1 per cent, 
annually. 

In discussing the fixation of rates of interest, we have the personal 
factor as the deciding one, when all is said. In the case of sinking funds, 
opinions will differ as to what class of bonds offer perfect security for 
capital, and in the case of mining investments two opinions will never 
completely agree as to what constitutes a fair return to cover the risk. 
I would not hesitate to recommend a 5 per cent, mining investment to a 
client who wished to take no chances; but as most investors in mines are 
playing for large profits they are generally prepared to undergo corre- 
sponding risks of loss. But though these variable and problematical 
rates of interest might possibly be used in the reckoning of valuation for 
taxation, as proposed by Mr. White, I believe there is less liability of 
error in Mr. Finlay’s method, of adopting a constant rate of interest for 
all mines, and compensating for the speculative factors by varying the 
additions made for the value of probable and possible ore. 

3. Place of Royalty Item in Valuation. — Royalties cannot affect 
the scale of prices, any more practically than theoretically, except where 
prices are no longer on a competitive basis, i.e., fixed by the cost of repro- 
duction on marginal land.® In this connection, Mr. White, in his com- 
parison of the Lake Superior iron with the Pennsylvania anthracite dis- 
trict, seems to be inaccurate. At present, the anthracite field is controlled 
by a railroad combination® which fixes the price of coal to the consumer 
at ^^what the traffic will bear;” a monopoly price which has no necessary 
relation to the competitive factors which fix the price of Lake Superior 
iron ore. Therefore, though royalties may burden the operators, who 
have to pay them, they cannot affect the market price of iron ore as long 
as the United States consumer can range for his purchases not only over 
six Lake Superior districts and the South, but over Canada, Latin 
America, and Europe. 

4. Place of Taxation Item in Valuation. — I accept Mr. White’s opinion 
that my method of calculating the rate of taxation would be unsuitable in 
Michigan, because of the fiscal anarchy there, which permits direct taxa- 
tion by four independent bodies. The Latin system, which confines real- 
estate taxation to one central office in each State, is certainly vastly supe- 
rior to such frenzied localism. 

5. Calculation of Future Ore Prices. — I admit that Mr. White has some 
grounds for his contention as to the liability to a cumulative error in the 
forecasting of future ore prices. But this uncertainty should not be 


®E. B. Brinsmade: Discussion on Our National Resources and Our Federal 
Government, Tram , 'xliv, 633 to 640 (1912), 

®L. L Redding: King Coal and His Court, Everybody's Magazine (New York, 
1912), 
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blamed on Mr. Finlay’s method of forecast, which seems as accurate a 
one as any other, when the true culprit is the method of assessment. 
In my new booF of suggestions for the economic reconstruction of Mexico 
(which I hope soon to also publish in English), I have grouped producing 
mines, forests, and public utUities, for taxation, apart from agricultural 
and city land. The assessment of the selling value for taxation I have 
restricted to the latter group; and have assessed the members of the 
former group on their annual rent. By taxing rent instead of its capital- 
ization or selling value, the problem of future ore prices would be elim- 
inated from the calculation. 

6. Valuatim of Undeveloped Mining Land, and Summary. Mr. 
White’s affirmation, “The State has no right to force an owner to_ seU or 
to name a price at which he will sell,” not only makes no distinction 
between private property in land and private property in labor products 
(see references, footnotes 5 and 7), but ignores the legal basis of existing 
land titles, which reserves to the State the power both of taxation and of 
eminent domain. The condition pictured in Mr. White’s concluding 
paragraph is certainly not a reassuring one for believers in equality of 
economic opportunity. It makes it evident that Michigan landlords 
have as much power to tyrannize over the producers, who work their 
lands for them, as have even their counterparts in aristocratic England. 

In proposing the self-assessment of undeveloped land, I was not con- 
sidering the financial desires or hopes of speculators but the general 
interest of the public and of the mineral industry. Neither can I share 
Mr. White’s alarm at the danger from overproduction that may result; 
since the chief effect of the destruction of speculation will be the beneficent 
one of the opening to development of much superior land which is now 
idle. As the same labor and capital can produce ore at a lower cost from 
superior than from, inferior land, there would be a consetiuent fall in ore 
prices, without lowering wages or interest; and the consumer would be 
correspondingly benefited without affecting any interest but the rent of 
the landlord, the residual legatee of production. 

The reversion to the State of much unexplored mineral land, for non- 
payment of taxes under self-assessment, I should consider an immixed 
blessing, harmful to no interests except the anti-social ones of the specu- 
lator. The latter class appear to me as mere industrial parasites, the 
greatest existing obstacles to the free development of natural resources; 
and their dislodgment and the consequent possession by the State of 
large mineral areas, freely open-to the prospector and operator, would 
offer the best offset to the apparently unlimited power over the operators 
now possessed by the Michigan fee owners. 


B. Brinsmade: El Lotifundismo Mexicano; su Origen y su Bemedio. Pub- 
lished by Secretario de Fomento, Mexico, D. F. 
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The Reserves of Iron Ore for the United States 

BY JOHN BIRZINBINE, PHILADELPHIA, PA. 

(Pittsburgh Meeting, October, 1914) 

Extended discussions, by inviting attention to problems affecting 
the conservation of natural* resources, have encouraged investigations as 
to their sufficiency, with the general result that the more thorough the 
examination, the less cause appears for anxiety as to the exhaustion or 
serious depletion of these resources. The extent of industrial develop- 
ment, the large plants and the enormous volumes of materials required, 
when compared with conditions a few decades ago, are sufficiently startling 
to enlist the attention of those who “fear the pace,” and yet in but few 
instances has real solicitude for the future been warranted by a knowl- 
edge of true conditions. 

In a former communication, presented five years ago,^ I endeavored to 
emphasize the fact that true conservation represented the best utilization 
of reserves and not the locking up of resources for future use; a conviction 
which has become more pronounced as the subject was investigated. 
Prophecies of the early exhaustion of mineral resources have raised the 
question as to our permanent reliance upon these, and encouraged in- 
quiries which have in most cases developed reassuring conditions. But 
the fact that the future appears less dark than prognosticated, cannot 
excuse wastefulness or improvidence; and detailed study which demon- 
strates an apparent abundance of natural resources should encourage 
their best application. 

In making inventories of resources one is liable to confine conclusions 
as to availability upon conditions in the past and present circumstances, 
or to formulate data for the future upon methods which are rapidly being 
displaced. In reserves which are not reproductive, such as minerals, the 
possibilities of exhausting the supply are startling if estimates assume that 
future applications will follow methods which were less economical than 
those now employed, or to be used, and we dare not claim that the limit 
of advanced practice has been attained. 

Examinations and estimates of iron-ore reserves may be taken as 
illustrative to determine whether an ample supply exists in our own 
country, or judge of the possibilities of liberal accretions which may be 
obtained from deposits of phenomenal character or size located elsewhere. 

* The Conservatioii of Natural Eesources, Tram,, d, 412 to 418 (1909). 
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The prevalent method of estimating iron-ore resources has been to con- 
sider them as applicable to the present status and location of industrial 
development, to methods of utilization in vogue, and to processes which 
are accepted as the best in the light of existing knowledge. 

A retrospect of the history of iron production in the United States 
demonstrates that the location of industrial centers dependent upon the 
smelting of iron ores has materially changed, and that many blast furnaces, 
formerly relying upon local ores, now obtain their supplies from distant 
points. The abundance and quality of mineral has caused the greatest 
development during the past 20 or 30 years at localities to which ores 
from the Lake Superior region have been transported from rail to vessel 
and again from vessel to rail to reach smelting plants; but other industries 
have been created to supply a demand in sections of the country which 
several decades ago offered but a limited market for manufactured 
products. 

As population increases, as towns and cities grow, as railroads are 
extended in various parts of the country more or less sparsely inhabited, 
as water transportation is cheapened, and as requirements from other 
countries may make drafts upon or furnish material for the products of 
the United States, changes in industrial centers may be expected. We, 
therefore, may not limit consideration of the iron-ore reserves solely 
as affecting the iron and steel industry as it now exists in this country, for 
railroad and water transportation cheapen the cost of delivering materials 
from distant points and facilitate the shipment of manufactured products. 

Mechanical ingenuity, by displacing manual labor, admits of greatly 
augmented outputs and larger plants, while local industrial development 
is an early desire of growing communities. 

Our iron-ore reserves are to be estimated as supplying our present in- 
dustries and also as encouraging the development of new enterprises in a 
country of vast area, rapidly increasing in population and in markets for 
iron and steel products. 

The history of the Institute, as set forth in its Transactions, shows how 
the centers of production and consumption have shifted, and illustrates 
changes which may be expected, at least in part, to be repeated. 

Another factor apparently neglected is that but few iron-ore mines 
have been worked to exhaustion, for inquiries covering several years 
failed to develop any considerable number of iron-ore mines which could 
be classed as worked out. There are mines which have been abandoned 
because of accident, or by reason of apparent inferiority of the mineral 
to other ores recently obtainable. 

There are instances of mines flooded because of ineflficient pumping 
apparatus which have ceased operations, and of others which have been 
wrought without modern labor-saving appliances and were not economic- 
ally exploited, but some of which may be revived and made productive 
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by utilizing equipment of modem design and capacity. Other mines lie 
dormant by reason of some constituent, which is or has been considered 
as deleterious, or because existing transportation facilities do not en- 
courage immediate development, and limited financial ability of some who 
attempted to operate iron mines or blast furnaces, is also blamable for in- 
active deposits. 

But a careful review of the iron-ore deposits of the United States, 
which have been or are wrought, shows remarkably few instances where 
the deposit has been “bottomed’^ or followed to its lateral termini; on 
the contrary, the testimony of those operating iron-ore mines, proves that 
in the majority of instances, the more a deposit is exploited, the greater 
are the apparent reserves. After nearly 60 years of activity, new “finds 
of iron ore are reported from the Marquette range in Michigan, and the 
same is true of the Menominee range, which was opened 20 years subse- 
quent to the Marquette range. 

The Gogebic range of Michigan and Wisconsin, after a history of 30 
years, has been demonstrated to possess enormous deposits of desirable 
iron ores below what had previously been considered a dike defining the 
depth of orebodies. And later discoveries between the Gogebic and 
Eastern ranges have proven large quantities of iron ore. In Minnesota, 
which 30 years ago supplied no iron ore but has grown to be the largest 
known producer, ore is now obtained in sections which until lately were 
considered beyond the productive limits; while explorations are develop- 
ing additional ore supplies. One hard-ore property, which had been a 
large producer but abandoned because of its apparent exhaustion, is still 
contributing to the ore supply and the deposit has been proven to extend 
into the adjoining properties, where it is successfully wrought. 

The magnetic iron mines of the Lake Champlain district, which have 
long been active, show no signs of exhaustion and new explorations are 
exposing orebodies whose magnitudes have been estimated in hundreds of 
millions of tons. The Cornwall ore banks in Pennsylvania, which have 
been supplying ore for over 170 years, have lately been equipped on a 
scale demonstrating that the owners are satisfied of liberal reserves for 
many years to come. Active mining, which has been prosecuted for 
about 40 years in the Birmingham district in Alabama, does not suggest 
exhaustion, but rather directs attention to the probabilities of a liberal 
supply of ore for the future. Iron ores have been determined as exist- 
ing in liberal amounts either by exploration or by more or less con- 
tinued exploitation in the eastern and central parts of the country, also 
in the Rocky Mountain region, and the territory to the west. In Colo- 
rado an important iron and steel industry has been maintained for 
more than three decades upon ores mined from deposits, some of which 
are of known magnitude, in the Rocky Mountain region. 

The litigation between the National Government and the United 
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States Steel Corporation brought forth sworn testimony from experts, 
among which were the following estimates of iron-ore reserves: 

In Michigan: 170,000,000 long tons,® or if high-silica, low-phos- 
phorus ores of 40 per cent, grade ai'e included, 219,000,000 long tons. 

Minnesota in 1911 was credited with 1,67' ■, buttheCuyuna 

being then estimated at 40,000,000 tons was subsequently increased to 
. . ■ I . I tons. The tonnage of reserves of the Great Northern lands 
was estimated at 235,416,756 tons. 

If all ore above a minimum of 45 per cent, of iron is considered, there 
would be an additional iron-ore reserve in the Lake Superior district of 
at least 2,0'j0,0u0,000 tons, and if the minimum is 35 per cent., 70,000,- 
000,000 tons. 

The Adirondack region of New York was estimated to contain 

500.000. 000 tons, which would yield 300,000,000 tons of furnace ore; and 
for southeastern New York 60,000,000 tons of reserves were estimated. 

New Jersey was stated to contain i 3 ",^*' "i tons of reserves, of 
which tons were shipping ore, and the balance would yield 

40,00u,000 tons of concentrates carrying 60 per cent, of iron. 

In Alabama, the Birmingham district was estimated as having 

1.300.000. 000 tons, the Russellville district 100,000,000 tons, and eastern 
Alabama not over 25,000,000 tons. 

Virginia was credited with 100,000,000 tons and Texas, in Cass and 
adjoining counties has 250,00O,o00 tons of brown ores. 

To the above could be added reserves of considerable quantities in 
mines which have been exploited, and possibilities of known iron-ore 
deposits in sections of the country which have not heretofore supplied 
iron ores or offered a market for them. 

In nearly all the political divisions of the United States iron ores of 
apparently desirable quality and quantity are knowm to exist and 
geological reports upon a number of important iron-ore deposits demon- 
strate the probabilities of liberal extensions beyond present exploitation 
in depth or length or both, and the working of mines has in many 
instances fully warranted the geologists' conclusions. 

Iron-ore producing regions are generally areas of iron-bearing rocks, 
in which there are local concentrations carrying sufficient iron to en- 
courage exploitation as merchantable iron ore, and the grouping of the 
deposits which have been or are now the sources of iron-ore supply de- 
monstrates that the above may be considered as the rule rather than the 
exception, although exceptions may be recalled. Until these iron-ore 
bearing areas are thoroughly explored, new discoveries of workable mines 
may be expected, and until exploitation discloses the limits of the 
mineral, their capacities cannot be calculated. 

* The Michigan Tax Commission in 1913 made new estimates of the reserves of 
ore, showmg a total of 189,467,621 tons. 
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To the above may be added the foreign sources which may supplement 
the domestic supply of iron ores, upon some of which testimony was 
presented in the litigation above mentioned. 

Cuba was estimated to have 3,000,000 to iv000,00o tons of hard ore, 
and J.O')" (njijjJu'.' to 3,400,000,000 tons of soft ores. 

The Tofo mines in Chili, is a mountain of ore, which for a distance 
of but half way from the top was estimated to have 150,000,000 tons 
of 67.5 per cent, ore, and if wrought to the level of the valley would yield 
probably three or four times as much. 

The Newfoundland iron ores were estimated at 3,250,000,000 to 
.j,iJl«V-'O0,0u0 tons, and in the Minas Geraes district of Brazil 7,000,- 
000,000 to 8,000,000,000 tons of 60 per cent, iron ore were claimed. 

Sweden is credited with 1,500,000,000 tons of reserves in Kiiruna 
and 493,000,000 tons in other deposits. 

Much additional detailed information concerning the future supply 
of iron ore appears in the volume entitled The Iron Ore Reserves of the 
World j a part of the proceedings of the International Geological Con- 
gress held at Stockholm, Sweden, in 1910, and in published monographs 
on special districts or deposits, many of the estimates of which have 
been exceeded by later detailed reports. 

Some iron industries formerly important have passed into memory, 
and mines which for long terms of years produced mineral lie dormant, 
but on the other hand new developments are noted and mining operations 
are on a scale of magnitude attracting world-wide attention. Industries 
of moderate size which these effete installations supplied have expanded 
and demand iron or its manufactures in large volume. The mines 
abandoned may not have yielded all their ore, but in the march of prog- 
ress the volume of business has been greatly extended and other sources 
are utilized. It is not improbable that some of the idle plants and 
dormant mines may be revivified and that the pendulum of production 
which in the United States swung geographically westward may returuj 
at least in part, to the East. Localities could be cited where iron-ore 
mines have been or are operating, for which continuous life may be 
confidently expected, and the more thoroughly they are explored, their 
greater possibilities may be demonstrated. 

Another phase in estimates of reserves is the changing demand for 
ores of specific compositions, as was instanced by the apparent scarcity 
of ore of Bessemer grade being the incentive for a liberal development of 
the basic open-hearth steel industry, thus making available much mineral 
formerly considered under the ban and reducing the premium on Bessemer 
ores. Millions of tons of concentrated ore, treated to raise the iron con- 
tent or eliminate undesirable constituents, are now annually used in the 
United States. Northern New York contributes large amounts of mag- 
netic concentrates, Minnesota and the Southern States supply quan- 
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titles of washed ore, suggesting that other deposits in which the mineral 
is lean in iron, or which contains objectionable ingredients, may, with 
modern appliances, add to the supply of the country. 

Heat treatment of iron ores also increases the available supply by sinter- 
ing or nodulizing finely comminuted material and driving off sulphur and 
volatile matter. 

All methods of beneficiating iron ores add to the cost of the marketable 
product but the high grade obtained may offset this expense by com- 
manding increased ton rates, and the outlay necessary to improve local ores 
may be less than the transportation charges on others from distant mines. 

Metallurgy, which has mastered many difficult problems, may be 
expected to overcome successfully apparently unfavorable compositions 
of iron ores. Copper, which has been objected to as a drawback in ma- 
nipulating iron associated with this element, is now desired by some 
manufacturers, and the presence of this metal within certain limits even 
suggests a premium due to its occurrence with the iron. Objection totheuse 
of sulphurous iron ores is less pronounced than formerly, for these are fed 
to furnaces whose burden is adjusted and fluxed practically to neutralize 
this element. Titanium, chromium and other elements which have been 
under the ban are accepted as component parts of iron ores for use, and 
phosphorus, which was classed as most objectionable, has lost much of its bad 
reputation, and is even purchased to add to the charge fed to some blast 
furnaces which smelt iron ores deficient in this element. 

Most estimates of iron-ore reserves assume that the present processes 
of sm elting and conversion are to continue. Marvelous progress has been 
made in perfecting these processes, quantity and quality of product being 
obtained at costs far below those of a few decades ago, and this advance 
may be expected to continue, with possibly even more radical changes in 
the future than have heretofore taken place. The blast furnace has been 
the accepted appliance for producing iron for centuries, but the plant at 
the present time is quite different from one of even 50 years ago, not only in 
the quantity produced but in the materials used, the practice followed 
and the resultant economies. It is possible that anothei 50 years may so 
change the smelting process as practically to eliminate the blast furnace, and 
in estimating the iron-ore reserves we should consider that new methods 
may be employed for using ores which are now considered relatively 
undesirable. 

The production of ferric alloys of titanium, phosphorus, chromium, sil- 
icon, manganese, etc., warrants the expectation that these may grow in im- 
portance, and that some ores in which the above or other elements are 
prominent, may be in much demand, for in many lines of industry steels 
of specific composition, in which some of the rarer elements are alloyed, 
are sought and the production of such steels has already reached an im- 
portant volume. For such purposes ores of which iron is the base, but 
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which are at present lightly esteemed because of other items of com- 
position, may be sought and liberally employed. 

While in the United States the electrical furnace has been primarily 
applied to refining steel, the possibilities of electrical smelting may 
command attention, especially where rich ores can be treated with 
electricity developed by water power or by fuel at low cost, a possibility 
influenced by the highly economic operation of turbo generators. 

Considering the various features above enumerated and remembering 
how much of our mineral wealth remains to be proven, there would seem 
to be little ground for anxiety as to the future supply of iron ores for the 
United States, especially if the question as to the years for which a supply 
should be calculated enters into the discussion. Such an estimate 
should take into consideration the factors which have been above out- 
lined and also the financial problem; for it is fairly presumable that any 
deposit of iron ore demands an outlay of money for its purchase or lease- 
hold; and for the capital invested in plant upon which interest and 
amortization must be provided, while the growing tendency to base taxa- 
tion upon calculated reserves places on the iron miner the necessity of pay- 
ing continuously the taxes upon mineral which he may not win for many 
years, or which may be ultimately lost by fire, flooding or other accident. 

The return for the money invested in the iron and steel industry 
or in the mining of iron ore, will be affected by the duration of the de- 
mand for its products, and by competition which must be met from other 
developments or industries subsequently brought into activity. The 
investor will consider the extension of productive facilities elsewhere, 
the growth of communities and the local demand which these will make. 
If the ore produced is practically free from undesirable components it 
may have to meet competition from other ores from which these compo- 
nents are removed by processes of beneficiation, and the demand for 
metals of certain alloys may also influence the amount of mineral to be 
won and the use to which it is to be applied. It may then be questioned 
whether, in providing supplies of iron ores, one is justified in assuming 
that a specific deposit or series of deposits may be the dependence for an 
industry far in advance. 

This paper could be extended by instancing individual deposits of 
iron ore or specific industrial installations as proof of the general conclu- 
sions presented, but if it invites attention to what may be classed errors 
in prognosticating reserves, or it awakens discussion upon future changes 
which may be expected, its purpose will have been served. 

The discussion has been confined to the iron-ore reserves of the 
United States or those which have been estimated as available to sup- 
plement the domestic supply and while there has been no attempt to 
consider the iron-ore deposits of the world, it is believed the sufficiency 
of these may also be demonstrated. 



204 


SAMPLING LAKE SUPBEIOB IRON OBB 


The Need of Uniform Methods of Sampling Lake Superior Iron Ore 


BY C. B. MtTKBAT, CLEVELAND, OHIO 
(New York Meeting, February, 1914) 

^^OuR experience from time immemorial has been that the furnace 
sampler and analyst usually find one or two, and sometimes more, points 
less iron than the Lake Superior shippers, but, fortunately, their con- 
tracts are ‘iron bound’; and, generally speaking, analyses at this end are 
practically useless, for we are obliged to settle on a basis figured out to 
a half dozen decimals, and, as a rule, without recourse in the event of 
flagrant discrepancies between the two analysts.” 

The above is an extract from a letter received by the writer of this 
paper from the President of an iron company, discussing the question of 
sampling. It so well expresses the opinion of many blast-furnace owners 
and managers that it seems a suitable text for a discussion concerning the 
need of uniform methods of sampling. 

If all railroad cars were loaded the same, if all stock piles were the same 
shape, and if ore was received regularly each day, the problem of sampling 
would be comparatively simple. The conditions, however, vary widely 
at different places, and at the same place from day to day, and it is 
probably impossible to determine upon any one method of sampling which 
will apply at all times and in all cases. However, it would seem as though 
some general principles might be suggested which would tend to overcome 
these wide differences in samples of the same thing. 

The sampling of a cargo of iron ore begins at the breast of ore in the 
mine. The ore is sampled from the mine cars, from the stock piles, and 
from the railroad cars at the mines. At the lower Lake ports the ore is 
practically all sampled from the boat, occasionally from railroad cars. At 
the furnaces, the ore is nearly all sampled from railroad cars and occasion- 
ally from stock piles. 

During the last ten years-, sampling at the mines has been very much 
improved. The question has been very generally discussed, and each 
year has seen some improvement. The United States Steel Corporation, 
in 1908, took a very decided stand in this matter. After carefully looking 
into the various methods of sampling used at their own mines, a committee 
recommended certain methods of sampling, differing somewhat at the 
producer’s and at the consumer’s end. These methods were adopted 
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and have since been used at all the mines and furnaces controlled by the 
Corporation. 

These methods, or modifications of them, have been adopted by some 
of the other mines in the Lake Superior region, but many of the mines are 
as yet paying but little attention to sampling from a scientific standpoint. 
Last summer Benedict Crowell read a paper before the Lake Superior 
Mining Institute on Methods of Sampling at Lake Superior Mines. This 
paper brings out very clearly the need of some standard method of sam- 
pling at the mine, and suggests the details of such a method. 

Prior to 1907, there were several methods of sampling in use by the 
Cleveland chemists in sampling iron ore at the lower Lake ports — some 
favoring small samples, others favoring large samples; some taking one 
round when the boat was half unloaded, others taking three rounds, at 
certain stages of the imloading. These different methods of sampling 
resulted in discrepancies in results, particularly if the ores were mixed. 

At the beginning of the season of 1907, the Cleveland chemists adopted 
a standard method of sampling, which was a step in the right direction. 
This standard method has been broadened and improved from year to 
year, and, while it is not yet perfect, it has shown itself capable of giving 
accurate results if conscientiously carried out. The method is as follows : 

A standard sample shall be taken from all cargoes, the weight of the 
sample varying with the size of the cargo. 

The sample shall be taken with a galvanized iron scoop 3.5 in. wide, 
2.25 in. long, and 1.25 in. deep, the handle 8 in. long; and with a hammer 
12 in. long (the scoop holds approximately 0.5 lb.) . 

It shall be the aim to take an equal bulk of ore from every point 
selected. When a lump is encountered, a portion shall be broken off 
equal in bulk to a scoopful of soft ore. In sampling cargoes, no sample 
shall be taken from the original outside surface on account of the presence 
of foreign matter and an undue proportion of fines. 

If the surface to be sampled has been exposed to rain or sun long 
enough to materially alter the amoimt of moisture present, the sample 
shall be taken about 3 in. below the surface. 

In order to keep the size of samples within reasonable bounds and to 
gauge this size to the size of the boart;, the sampler shall, on cargoes up to 
4,000 tons, begin sampling at a convenient point at the bottom of the face 
of the ore, and shall take one standard scoopful every two scoop lengths 
up the face of the ore to the top, and then shaU move four scoop lengths 
to one side of the starting point before again sampling vertically. He 
shall continue in this manner, keeping the above distances, around the 
face of the ore to the place of beginning. 

On cargoes from 4,000 to 6,000 tons, he shall use the two scoop lengths 
for vertical distances up the face of the ore, but move six scoop lengths 
horizontally. 
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On cargoes over 6,000 tons, he shall use the two scoop lengths for 
vertical distances up the face of the ore, but move eight scoop lengths 
horizontally. 

In case of split cargoes, horizontal spacing to be according to the ton- 
nage of each individual ore as specified in the preceding paragraphs. 

At convenient stages of unloading, the sample shall be mixed and quar- 
tered. This must be done each time exactly alike, by breaking down to 
0.5 in., mixing and quartering twice, thus preserving the proper propor- 
tion of the whole sample. 

If in the final quartering the last two quarters exceed a can full, the 
ore shall be quartered and one quarter rejected. 

The sample may be quartered on the vessel, or may be taken to some 
other place suitable for that purpose. Samples must be shipped in stand- 
ard cans. 

Sampling of Soft Ore 

The sampler shall enter any hatch and begin sampling when the 
unloading machines have exposed 5 or 6 ft. of the face. 

The sampler shall then enter the next hatch working, and proceed to 
sample in l)he same way, and so continue in every working hatch. 

The sampler shall then begin over again in the hatch in which he first 
started and continue the sampling in all the working hatches, provided 
there has been sufficient ore removed in such hatches since the faces were 
sampled to expose fresh ore. 

The sampler shall continue this method in each hatch worked until 
there is less than one-tenth of the ore left. 

In sampling horizontal surfaces, as in boats where scrapers are used, 
the sampler shall sample every two scoop lengths lengthwise of the boat, 
the spaces between the lines of sampling to be 4-6-8 scoop lengths, accord- 
ing to the tonnage, as described before. 

Sampling of Hard Ore 

In sampling hard lump ore, the sampler shall begin sampling and use 
the same spacing as defined for soft ore, using hammer lengths instead of 
scoop lengths. At each point sampled he shall take lump or fine ore equal 
to 1 cu. in. In taking this cubic inch, the sampler shall take an average 
from the lump ore from which the cubic inch is broken. 

Moisture Sample 

The moisture sample shall be taken from the standard sample in the 
following manner: 

When as many cans of ore have been filled as the stage of unloading will 
permit, the lump ore shall be broken up quickly and the entire amount 
thoroughly mixed and flattened out into a circular pile. The pile shall 
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then be marked into quarters, and one of the quarters divided into two 
parts by a line from the center to the outside of the pile. 

The whole of one of the half quarters so marked off is to be placed at 
once in a tightly covered receptacle to be a portion of the moisture sam- 
ple. The other half of the quarter together with the whole of the oppo- 
site quarter is to be rejected. 

The remainder of the pile is to be thoroughly mixed and flattened, and 
two opposite quarters rejected. The remainder of the ore is to be put 
one side for a portion of the standard sample. 

By this method of procedure, one-eighth of the entire sample taken 
will go into the moisture sample. 

At the end of the sampling, the accumulated moisture sample is to 
be taken out of the tightly covered receptacle, quickly mixed and flat- 
tened out, divided into eighths and enough eighths taken to fill the stand- 
ard moisture can. 

In case of hard ores or small tonnages of soft ore, the proportion set 
aside for the moisture sample shall be increased so that at least one can of 
ore shall remain for the final moisture sample. 

The moisture determination is made by drying the whole of the final 
sample at a temperature not over 212° F. until there is no loss in weight. 
The loss of weight divided by the amount of ore taken will give the 
percentage of moisture. 

Variation in Methods of Sampling 

It is at the various furnace plants where Lake Superior iron ores are 
used that we find the widest variation in methods of sampling. 

Some months ago the writer sent out a circular letter to about 30 
furnace plants, asking for a description of their method of sampling. It 
seems worth while to give the replies from a number of these plants and 
from these replies a conclusion can be drawn as to the need of some uni- 
form method of sampling at the furnaces. 

Plant A: We send a man out with a bucket and take a small portion out of six 
different places in each oar. We do this on every car that we get out of a cargo, and 
from a cargo of about 7,000 tons we get about enough out of it for a sample to fill a 
12-quart can.” 

Plant B: *'Cars as a rule are loaded w'ith two piles of ore, approximately 25 tons 
at either end of the car. The sampler cross-sections roughly eabh pile and takes four 
small shovelfuls off each, or eight shovelfuls from each car. These car samples are 
collected in one large pile until the entire cargo is received. The entire pile is passed 
through a crusher and crushed to 3/4-in. screen. Next the entire sample is coned 
and quartered down to a bucketful, or approximately 15 lb., which is taken to the 
laboratory.” 

Plant C: (The description of this method was preceded by a mathematical demon- 
stration of finding the volume of a cone 4 ft. high and 6 ft, base and showing that one- 
half the volume of the cone is in the lower 0,826 ft. of the height.) *‘The ore in the 
cars is usually in three piles. These piles are cone-shaped, with ape:? of the cone 
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rouaded off. The piles are sampled as foUows: One sample taken near the Aoor of 
oar, one sample taken near the top of pile, and another sample taken at one-thxrd the 
height of pile. If at the first place the ore is all lump, a measured trowel of lump 
broken from the different sized lumps is taken. Each pile m the car is sampled m 

the same manner, or nine trowels full taken to a car.” 

Plant D- “When a sample is desired, it is usually taken from the filling barrow, 
using a hammer and a small shovel so as to keep the proportion of fine and coarse ore 

as it IS. This sample averages about 20 lb.” , „ 

Plant E- “We sample from 30 to 40 cars in each cargo asfollows. Whentheore 
is loaded in the car in one pile we take a scoop at each corner about 2 ft. up from the 
bottom and about the same distance in from the sides. Then a scoop on each side at 
the top toward the sides. The lump is sampled according to the amount m each car, 
iudging as near as possible the proportion of lump to fine. When the ore is loaded 
in two piles the sample is taken the same way, except that we take one scoop at the 


fnn ** 

Plant F: ^'The sampling from cars, from five to seven buckets full, averaging 40 
to 50 lb to the bucket, are taken from each cargo from cars and mixed and quartered 
down to about 30 lb. We sample across the car every 2 ft., taking^a scoopfiil, and 
then lengthwise, measuring 5 ft. for each transverse line of sampling.’’ 

Plant G: '^Our method of sampling, we presume, is similar to that of the average 
small furnace plant; that is to say, with a hammer and trowel, we go over the cars, 

remove the surface, so as to avoid any contamination of foreign matter, and when pos- 
sible diggmg a hole down through to the bottom of the car, and estimate the percentage 
of coarse and fine therein and take samples accordingly.” 

Plant H: ‘‘Our method of sampling has been to have the man go over the car 
and take samples from all parts of the car, pulverize and thoroughly mix same.’’ 

Plant I: ‘‘In view of the fact that we mine our own ore and the question of sam- 
pling same at the furnaces is not a very important matter, I do not think we would be 

interested in adopting any uniform method.” 

Plant J: ‘‘On arrival of a train load of ore a sampler goes over each car pretty 
carefully with the aid of a hammer and small shovel, and after selecting a few pounds 
from 8 or 10 cars, the material is taken to the laboratory and pat through a regular 
course of quartering and simmering down to the desired quantity.” 

Plant K: “We have no regular method of sampling.” 

Plant L: “ Sampling at our furnaces is all done as cars are unloaded. A bucketful 
of ore is taken from each car, thereafter usual laboratory method follows.” 

Plant M: “In sampling cars, we zig-zag across the top of the cars, taking samples 
at equal distances. Wherever we have the chance, we drop the bottom of the cars and 
then sample the two remaining ends of the cars, as this gives us a sloping surface from 
top to bottom of cars.” 

Plant N: “Our practice in taking samples from cars is to lay ofi the surface with 
an imaginary line in squares and to take as uniform a sample from each as possible.” 

Plant 0: “Bach car is sampled at 40 different places, due care being taken that the 
lump ore represents the same ratio in the sample as exists in the ore itself. The size 
usually taken from the lump is that of an English walnut, although this is governed 
by the size of the lumps, and the fine ore is sampled so as to be in proper proportion. 
In case of gangue, a piece is taken, the amount depending upon the relative amount 


present.” 

Plant P: “In sampling ore from cars we use a bucket. Starting at one end of 
the car or the left side, we go the entire length of the car, breaking the lump and taking 


some of the inside and outside, also digging down three times and getting the fines. 


Then sample the center and other side of the car, taking samples 3 ft. apart. We usu- 
ally have 3 quarts to represent a car.” 
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Most of the other replies showed that an attempt was being made to 
sample each car in a uniform way ; but in all of the methods, the amount of 
lump and fine taken was left more or less to the judgment of the sampler. 

And yet the results of these samplings are compared with the samples 
of the cargo taken at lower Lake ports, where two or more men have 
perhaps sampled continually by the standard method for 12 to 18 hr. If 
the analyses vary widely there is a complaint, and usually the furnace 
manager insists that his sample is the correct one. It is remarkable that 
there are not wider differences in the analyses of the two samples, and until 
more uniformity in taking samples at the furnaces is adopted there will 
be these wide variations. 

Theoretically, sampling is capable of definite mathematical demon- 
stration. In practice, however, we are confronted with some difficulties 
in attempting to sample by mathematical formulae. 

First, piles of ore vary widely in size and shape. While they may, in 
general, approach a cone shape, it is rarely that they come near enough to 
this definite shape to use the formula of cone-volumes in sampling. 

Secondly, sampling as a rule is done by uneducated men, to whom 
formulae are unknown, and whose judgment as to percentage of lump and 
fine ore in sight is not infrequently biased by the known wishes of their 
superiors. Again, the j udgment of any two men is liable to vary widely in 
estimating the amount of lump and fine in a pile of ore; and, furthermore, 
the proportion of lump and fine in sight may be, and often is, quite differ- 
ent from the proportion in the whole pile. 

In my opinion, a mechanical sample is much to be preferred to a judg- 
ment sample, especially when the sample represents a considerable 
amount of ore. Ore as received in cars at furnace plants has been loaded 
by a grab bucket, in nearly all cases. This method of loading, of itself, 
tends to mix the ore so that a proper sample from the surface is fairly 
representative of the whole car. 

The jolting motion of cars in transit may perhaps, in some cases, 
cause a rearrangement of the lump and fine and bring a little more lump 
to the surface than is the proper proportion. But in sampling a number of 
cars from the same cargo I do not believe that this will make any material 
difference. 


A Suggested Method for Sampling Cars 

I suggest the following method for sampling cars, which I believe 
could be used in nearly all cases to get a representative sample, whether 
there be one, two, or three piles of ore in the car. Starting at a point 1 
ft. from the end of the car, move in a straight line lengthwise through the 
middle of the car over the piles of ore, taking equal bulks of ore every 3 
ft. Measure these distances, and at the designated point dig about 4 in. 
below the surface and take a measured bulk of either lump or fine, which- 
VOL. L. — 14 
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ever is encountered. A scoop holding about 0.6 lb. of ore could be used, 
with a handle about 12 in. long, and the scoop may be used for measuring 
the distances. Or a measuring stick of the right length could be used, 
without inconvenience to the sampler. This method of sampling could 
be elaborated, if thought necessary, by going across the car twice more on 
lines about two-thirds the distance from the center of the car to the side 
of the car. This, of course, touches the ore in three times as many places, 
and in the case of mixed ore would tend to give a more representative 
sample. In a majority of cases, however, in my opinion, it would not be 
necessary. 

The most general objection raised at furnace plants to sampling by 
measuring distances and taking samples from a number of places is that 
they do not have the time. At the smaller plants, the sampling is gen- 
erally done by a laborer who has other work to do, either about the plant 
or in the laboratory, such as crushing or cleaning up. This objection 
brings up the point of the value of sampling at the furnace. Is it of any 
particular value, and if it is, why should it not be done in some reliable 
way? 

I take it that at most plants the ore is sampled chiefly for two reasons: 
first, to check up the Cleveland chemists; and secondly, to use the analy- 
sis of the sampling to burden the furnace. In either case, accuracy is 
wanted. Why not, then, make a business of sampling? 

Analytical results can be redetermined, and if in error can be corrected. 
After the sample is taken, however, in a majority of cases, no resampling 
can be done in a satisfactory manner. It would seem then a very self- 
evident fact that the sampling should be done right, and to do it right 
requires time and attention, both of which cost money. 

I am making this plea for good sampling and suggesting a method 
of taking samples with the hope that I can bring out some ideas along 
these lines and all — mines, Cleveland chemists, and furnace interests — 
get closer together and work more in harmony. 

As soon as we can do this, such opinions as are expressed in the open- 
ing paragraph of this paper will be removed. 


Discussion 

William Kelly, Vulcan, Mich. — I would like to ask the author a 
question. A good deal of the Lake Superior ore is made up of mixtures 
from various mines, of which the product differs considerably. I know 
of one case where ore running about 62 to 53 per cent, in iron, with con- 
siderable lime and magnesia, a self-fluxing ore, is mixed with ore run- 
ning 61 per cent, in iron, in which there is very little lime and magnesia. 

Now, in this method of sampling in the vessels I would like to know 
whether a correct average result can be obtained if all the low ore is 
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in the bottom and the high ore on top, or the reverse. Do you not get 
in this method of sampling more of the top ore than of the bottom ore? 
I want to disclaim, of course, any intimation that any one in the Lake 
Superior region would attempt to put the high ore on top in order to get 
a sample that would run above the average. That would not only be 
dishonest, but in the long run of course it would not be to the advantage 
of the shipper. Still, it has been suggested that in this method of 
sampling there is more of the top ore obtained than of the middle and 
bottom of the cargo, and I would like to ask the author whether such is 
the case. 

C. B. Murray — Mr. Kelly brings up a question which is often asked 
by those not familiar with ore sampling at lower Lake ports. Ores are 
mixed, more or less, in cargoes, and unless the various grades are repre- 
sented in the sample the complete sample is not representative of the 
cargo. 

The standard method of sampling is particularly adapted to such 
cases, and when properly carried out takes the right proportion from the 
top, middle, and bottom parts of the cargo. The ore, as it lies in the 
boat, approaches a cone shape under each hatch. The sampler starts 
sampling in each hatch when 5 or 6 ft. of the ore face is exposed. As the 
ore is worked out, and fresh surfaces and larger areas are exposed, the 
sampler continues work, taking equal volumes of ore at regular, measured 
intervals. 

William Kelly. — The thought that was in my mind was, that as 
you take out the ore from a pile, the top ore falls down all the time. 

J. W. Richards, So. Bethlehem, Pa. — Then that would be counter- 
acted, as I conceive it, Mr. Murray, by the fact that the cone being 
made larger, you take more of the lower layers as the cone increases in 
size. 

C. B. Murray. — Yes, that is the idea. As the areas exposed be- 
come larger, more places are touched and more ore is taken, but the area 
represented by each sample remains the same. Some of the'top ore may 
slide down the exposed surface when the grabs begin working, but as 
the area to be sampled incregises in size, there is less tendency for this 
ore to slide down. 

This can, perhaps, be best shown by a cross-sectional sketch of a 
hatch (Fig. 1). 

Ralph H. Sweetser, Easton, Pa. — This paper by Mr. Murray has 
called attention to a detail of the iron business that is very important, 
not only from the commercial side, but also from the metallurgical 
side. 
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I think one of the biggest changes in blast-furnace practice in the 
last several years has been in the character of Lake ores shipped as 
Mesabi ores. Blast-furnace men have the greatest trouble in dealing 
with soft, fine Mesabi ores. The ores put on the market at the pres- 
ent time do not have these characteristics as much as they used to have, 
and the trouble which the furnace men have now is to work an ore which 
is under one name, but is really a mixtuTe of two ores. The Mesabis 
will have, most of them, a very fine ore mixed with a great many 
lumps. Now, when these lumps and fines are loaded over the side of 
the vessel, there will be a segregation of the fines and lumps, and the 
samplers can always tell over which side of the, boat the ore was loaded, 
as the lumps will go to the far side and the fines stay on the near 
side. 



Fig. 1. — Cross-Section op Hatch. 

In one particular case we had a shipment of ore, in which the ore 
was mixed, fines and lumps, in the proportion, I think, of about 15 
to 20 per cent, of lumps, and the rest were fines. In this particular 
ore, the lumps carried a great deal more manganese than the fines 
did. We could not make the results in the furnace check up with 
the analysis of the ores. That was the case in one hatch of a 30-hatch 
boat. I think the hatch was No. 21, and the total depth of that ore was 
16.5 ft. The boat was about 42 ft. wide inside. 

As Mr. Murray has explained, as they begin to unload the boat, the 
ore sampler .will take a sample near the top part. The sampler will 
make his rounds, and it used to be the practice to make a round when 
they were one-half way down in the cargo, and then another sampling 
when they had gone three-quarters way down into the cargo. 

This slide (referring to slide on screen, not here shown) ‘would not 
give a fair sample. There is the ore, as it appeared in hatch No. 7. 
That is 5 ft. 3 in. deep in the center, which is just about one-third of the 
total height of the cone of ore which was in that hatch. The lumps 
are about one-third the way across. If you take a cone of ore like that, 
nearly one-half of the total weight of the ore would be in one-third of 
the height, and in order to get proper samples you would have to take as 
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many samples in the lower one-third as in the upper two-thirds. If the 
character of the ore in the lower one-third is different from that in the 
upper two-thirds, you do not get a fair sample of the ore. In sampling 
the ore, as found in a boat, it is the rule to take a scoopful every so many 
scoop lengths. If they came to a lump, it has been a rule in the past to 
take a cubic inch of lump) — the scoop will hold 9.9 cu. in. of content — 
and if you take only a cubic inch of lump you are not giving the lump 
the same attention as the fines, and in the case of most Lake ores the 
fines are richer, and therefore you will get a higher result in the sample 
for that cargo. 

I have been surprised to find on the Atlantic seaboard in some of 
the ores coming in that the fines are leaner than the lumps, and that if 
you do not get the right proportion in the sampling you get a lower result 
than the ore actually contains. 

I think that the lumps should be sampled close to the sides of the 
vessel. There are two or three things that prevent this from being done. 
Those who have seen the sampling of the boats know that just as soon 
as they “clam out” most of the ore a man will start cleaning the side decks, 
and will sweep the dust over on to the ore. It is the rule of the samplers 
that they will not take samples after the dust has been swept on to the ore 
— it may be dust or it may be coal. Therefore, as a rule, the lower edge of 
the piles will not be sampled, and you do not get a true sample. This 
is because you do not get the lumps. We found in certain lumps of one 
ore that there were different minerals from the general run of the ore. 
In one case we found lumps which would contain 21 per cent, of iron, 
21 per cent, of silica, and 21 per cent, of manganese, and we would 
question why we had such varying results in pig iron made from that 
ore. If we ran to lumps, the manganese went up. If we ran to fines, 
the manganese would rim down. Whatever is decided upon as a practical 
method of sampling cargoes at the Lake ports would apply also to the 
sampling of cargoes at the Atlantic ports, because there is the 'same 
condition of loading obtaining in both places. 

C. B. Mubbat.— The question Mr. Sweetser has brought up, about 
getting the proper proportions of lump and fine, is a very vital one. 
The lump and fine in many ores vary widely; in some the lump is richer, 
and in others is poorer than the fine ore. Here again the condition is 
ideal for using the standard method of sampling, and if the method is 
carried out according to instructions the sample will be representative 
even under the conditions which Mr. Sweetser illustrates. 

It is generally the case that when samples are not representative the 
method has not been correctly carried out. In the case of the sampling 
referred to by Mr. Sweetser, the area exposed during the last stage of 
sampling was so much larger than that exposed during the previous 
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stages that the sampler would, undoubtedly, get fully as much ore as 
he had previously accumulated in his sample from that hatch, and if he 
properly measured his intervals he would take a proper proportion of 
the lump in the wings of the boat. 

Mr. Sweetser is mistaken regarding the sampler's instructions as to 
taking lump ore. In sampling a cargo of all hard ore, the instructions 
are, ^^At each point sampled, take lump or fine ore equal to 1 cu. in.'^; 
but in sampling soft ore, which often contains lump, such a cargo as I 
understand Mr, Sweetser refers to, the instructions are, ‘^When a lump 
is encountered, a portion shall be broken off equal in bulk to a scoopful 
of soft ore.’^ 

If, in this particular cargo, the sampler did not do this, then a correct 
sample was not obtained, but it was not because of the fact that the 
standard method was not correct, but because it was not carried out. 

A. J. Ennis, Philadelphia, Pa. (communication to the Secretary*). — 
From my experience in the Eastern section of this country, where there 
are official iron-ore samplers entirely competent to perform judgment 
work, perhaps my appreciation of the Western dilemma, where the 
West doesn^t pay sufficient wages to attract the services of judgment 
samplers and hence must reduce the operation to mechanical labor with- 
out judgment, is not sympathetic. Neither do I fall into line with Mr. 
Murray's sampling suggestions for the manikin sampler. For example, 
sampling off the long sides of the triangle cannot do the material justice. 
Samples should be taken from all sides. To limit sampling to the long 
side is to become “a one-piece-of-rock man," as it were, filling the scoop 
with rock where there is but one piece in sight. I agree with Mr. 
Murray's statement to the effect that no mathematical formula can be 
applied to the sampling of iron ore, whether from stock piles, cars, or 
ship’s holds. The principle of ore sampling is, in its entirety, propor- 
tion, and for this judgment is primarily necessary. The conspicuous 
lack of judgment is everywhere responsible for incompetent sampling 
at blast-furnaces. The small-scoop practice might produce fair average 
results in soft fine ores, but its size — 3^ in. wide, 2i in. long, and If in. 
deep — would debar its usefulness on hard-ore mixtures ranging from 
richest lump to gangue or rock, the size of scoop being insufficient to 
take care of lumps 6 to 15 in. in size, including surrounding ore. A 
scoop at least of shovel size would be necessary to the taking of all sizes 
in given spots and places. This would, of course, importantly increase 
the bulk of the total sample and Necessitate more men to handle it. 
In sampling hard ores Mr. Murray reverses himself and really leaves the 
matter to the sampler's judgment when he allows him to take an average 
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of the lumps from which the cubes of ore are broken. This would occur 
at hundreds of points throughout the cargo and constitute a judgment 
result on the part of the men whom he says lack the quality of judgment. 

In my opinion, sampling from boats is to be roundlj^ condemned, 
forasmuch as there will always be considerable unsampled ore rolling 
to the vessels sides, and the fact seems to be ignored that approximately 
one-half of the cargo is in the lower one-third of the base of the pile. As 
I understand the method of Lake ore sampling, this lower third is left 
untouched, hence it would appear that about one-half of the cargo re- 
mains unsampled unless, per adventure, samplers have gone into said 
lower third of the pyramid. 

The present method of sampling iron ore from cars at the docks of 
New York, Philadelphia, and Baltimore has satisfactorily stood the test 
of more than a third of a century, and pioneer samplers of 30 years ago 
are still on the job fortified by this long period of experience. In my 
opinion, it is not within the ability of man to produce for the sampler a 
more thorough exposure of ore than comes to pass when bucketful after 
bucketful of it is dumped on to cars under the eye and observation of 
the competent Eastern sampler inspecting its flow and accurately 
sampling therefrom. 

L. S. Austin, Salt Lake City, Utah (communication to the Secre- 
tary*). — In July and August, 1908, I spent six weeks observing the sam- 
pling and handling of iron ore from the Mesabi ore deposits to the furnaces 
at South Chicago, Gary, Cleveland, and Pittsburgh. In reading Mr. 
Murray's paper on the subject of uniform methods of sampling, I do not 
find that conditions have changed at the receiving end since this in- 
vestigation. I am, in consequence, of the opinion that the shipping 
companies are quite right in insisting upon settlements on their samples. 
True, there are discrepancies between the mine and the furnace samples, 
but the latter are not and cannot be authoritative, since they are too 
imperfectly and cheaply taken, and to take proper furnace samples would 
cost more money than the smelting companies have heretofore been 
willing to spend. 

I will describe the methods of sampling iron ore on the Mesabi range, 
and compare them with those pursued at the docks at lower-lake points 
and at the furnaces. 

The sampling of the ore on the range has been made by taking por- 
tions uniformly over the top surface of the car load. This is described 
in a pamphlet issued by the Chemists' Committee of the U. S. Steel 
Corporation on The Method for the Commercial Sampling and Analysis 
of Iron Ores. This is done immediately after loading, so that the ore 
may be assigned to the proper pockets at the ore docks. The united 
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sample of a "drag” of 10 cars is taken at a time, and it is evident that 
an average sample of this unit can be counted on, since numerous points 
over all the cars are taken and at uniform distances apart. Wherever 
in the sampling a lump of ore is encountered this is broken and a proper 
proportion of it is taken. These “drags,” of 8 to 12 cars but averaging 



10 car loads, are made up in train loads of 50 cars and dispatched to the 
terminal yards, where the cars are assembled into “blocks.” 

The weighing is done over automatic scales, which register the weight 
while the train is moving slowly over the scale platform. The car number 
and the name of the mine are put on the registering tape, and a duplicate 
record is also made. A great deal of pains is taken to examine and keep 
the scales in repair, to check the railroad weights, and to compare them 
with those of a railroad scale of the ordinary type. 

Loss of Weight before Weighing . — While in theory the sample of a 
car is to be taken at the time of weighing, the time between the taking 
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of this sample and the weighing is brief, and in the solid body in which 
the ore exists in the car the drying-out would be trifling. This idea 
is corroborated by the statement made me that trial car loads set out and 
weighed from time to time have shown an inappreciable loss of weight. 

Loss of Weight . — Ore may be spilled from the cars before weighing, 
but this can at any time be gathered up and loaded. Ore shakes down 



in transit, and therefore no spilling occurs after weighing until the docks 
are reached. Here, when discharging into the vessel, some ore escapes 
over the edges of the chutes into the water, but as compared with the 
whole bulk this does not amount to much. From the railroad weights 
a deduction of 1 per cent, is made for contingent losses, such as spilling 
and moisture loss. 

Make-up of Train Loads . — ^The content of any train load is computed 
on the basis that each drag of 10 ears is uniform. Figs. 2, 3, 4, and 6 



218 


SAMPLING LAKE SUPEEIOR IRON ORE 


represent by graphic curves the make-up and composition of four train 
loads, from which the variations can be seen. At the terminal yards 
these trains are broken up under orders from the shipper, who is at the 
mine; the ores for a given cargo are selected from them, and these cars 
are sent to the docks. 

Selection of Cars for Cargoes— Vpon examining the figures it can 
be seen which of the drags are Bessemer iron, for example, to go 
out as a Bessemer cargo. We find that for this grade the line for 



phosphorus must fall a certain distance below the line for iron. In 
Fig, 2 the first five carloads, and in Fig. 4 the six carloads of Meyers 
ore, belong in this category, with such a margin of safety that three 
carloads of Hartley Block 71 can be added. This ore is of a grade called 
“Group 2,” whose requirements are that it is to contain 60.6 per cent, 
iron, 0.048 to 0.050 per cent, phosphorus, 5.25 per cent, silica, and 
,0.69 per cent, or less manganese, all based on dry weight. This corre- 
sponds to 55 per cent, iron and 0.45 per cent, phosphorus “natural" 
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that is, the ore as mined and containing its natural moisture, which may 
vary from 10 to 15 per cent. 

Making up Blocks . — Upon notification that a certain vessel is to arrive 
at the docks, the shipper prepares a sheet called a “block”; that is, a 
selection of ears at the yard which will make a certain grade or “group.” 
He wires orders for the terminal yard to send down to the docks certain 
cars, picked out from the train loads as above specified, and conforming 
to the requirements of the group which is to be shipped. 



Fig. 5. — Traik No. 350. 

Figs. 6 and 7 are two blocks, graphically represented, one for the 
boat “Clemson,” and one for the boat “Henry Phipps.” Block 156 for 
the “Clemson” consists of a portion of trains 330, 340, 342, trains 343 and 
344, a special train load of 390 tons of drags 140 to 151, inclusive, and 
"holds” 18 to 21, inclusive, being cars that have been held over and not 
sent down with former train loads, also 110 tons belonging to block 166, 
which had been put into a pocket at the docks, and which had been held 
until now for shipment. Proportions of older blocks (called “holds”) 
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Fia. 7 . — Boat “Hbnet Phipps.” Block 323. 
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found not to be needed for a given cargo are also held in cars at the 
yard, and are put into later blocks, as shown in Fig. 7. In Fig. 6 it 



will be seen that the elements vary as between different train loads but 
the average will conform to the requirements of the group which is to be 
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made up. Thus the holds 18 to 21, and train 340, would be too high 
in phosphorus were it not for the fact that the rest of the cargo is lower 
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than the requirements in that element, and can stand the addition of 
these holds. In Fig. 7 the specifications of Group 3 are fulfilled, the 
average conforming to them, though the variations in silica are such 
that, were it to go to the furnace no better mixed than here shown, 
trouble would result. To lessen this difficulty, orders are given by the 
shipper to the dock superintendent to scatter or distribute ^^off lots^^ 
through the pockets selected for holding the block in readiness for the 

Pewablc Mine 



Fia. 10 . — Screen Analysis and Contents of Ore. 

intended vessel; and in addition, even to put this in the middle of the 
pocket, so that it will be evenly mixed with the rest. 

The Ore Pockets and Dock. — Fig. 8 is a cross-section of a dock with the 
ore pockets and the hinged chutes for delivering the ore into the hold 
of the vessel. The position of the successive car loads is shown, with 
the order in which they fall into the pocket. These chutes axe let 
down when the vessel is in position, the chute gate is opened, and the ore 
slides into the vessel. The boat itself has numerous hatches, large boats 
having 36 at 12 ft. center to center, so that ore may be filled into as many 
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as 20 hatches at a time. Commonly the force of loaders is not sufficient 
to keep so many going at once. The ore is poked by the loaders both 
at the gates and from above. It comes away first at the front, then at 
the back, as shown by the broken lines a and h in the right-hand pocket, 
cars Nos. 1 and 3 (Fig. 8) being the last to leave the pocket. Still, if 
two or three grades of ore go into a pocket, some portions on top accom- 



Fig 11 . — Analysis of Iron-Ore Lumps. 


pany that below, so that a good deal of mixing results. We may there- 
fore see ore of different colors, belonging to one or other of the car loads 
of a pocket, sliding into the hold of the vessel. Viewed from above these 
layers appear to separate as they shoot downward, but they are not deep. 
There is a segregation of lumps and fine, the coarser ore rolling to the 
sides or borders of the heap forming in the hold, the fines keeping to the 
center or apex. This is shown in a cross-section of a 600-ft. boat, Fig. 9. 





224 


SAMPLING LAKE SUPEEIOR IRON ORE 


The same figure shows the ore layers in longitudinal section, and below 
is a longitudinal elevation of a 600-ft. ore boat. 

Lumps and Fine . — Lump ore is often of the same grade^as the fine; 
at other times, as indicated by Fig. 10, it is of lower grade. Thus in the 
Pewabic mine sample of that figure the oversize of f-in. mesh (45 per 
cent, of the whole) contains Fe, 37 per cent.; the size between 16 and 
20 mesh (8 per cent, of the total) contains Fe, 41 per cent.; and this lump 
ore is low in grade as compared with the regular shipping ore. Fig. 11 
shows still greater variations of lumps as picked from a cargo of the boat 
“Corona^' in 1907. Here three kinds, blue fine No. 1, blue lump ore, 
and blue lump ore wdth stripes, carry over 60 per cent. Fe, while the three 
samples of slate vary from 45 to 8 per cent. Fe. Evidently such low- 
grade lumps, if they found their way into the small samples so often 



taken, might easily give a low result. It has been stated that from certain 
mines lump ore may be found which is of higher grade than the fine; 
I have no data indicating this. We may accordingly expect to find a 
difference between the finer center and the coarser borders of the pile, 
formed when a boat is being loaded. 

Losses in Handling . — The loss of weight in transit due to drying is 
slight, but is more in loading and discharging. In the stock pile it may 
either dry out or take on moisture from rains, so that furnace weights 
afford no adequate check on the shipper’s weights. One may note weigh 
scales forming part of the unloading rigs. These are not always in use. 
Often a part of the cargo is unloaded to cars to go to another works, part 
to the stock pile The cars are weighed, their aggregate subtracted from 
the renorted weiffht of the carero. and the remainder nh^rored tn the. 
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stock pile. When one considers losses due to moisture and spilling this 
method seems inadequate for keeping a close record of quantities. 

Time for Loading, — The cargo boats vary in capacity from 3,000 to 
12,500 tons at a maximum draft of 20 ft. The typical lake ore carrier 
may be taken at 10,000 tons. When not overcrowded, and with the 
handling of ore and boat well attended to, a cargo is shot into a vessel 
in 5 hr., to which should be added 2 hr. for shifting to the desired pockets, 
and 2 hr. for waiting time. Another delay may result from a vessel ar- 
riving and finding another in advance of it, covering the pockets from 
which it has to draw. 

Distribution of Cargo. — To oppose the buoyancy of the imloaded bow 
and stern, the boats are more heavily loaded at the end hatches, as graph- 
ically shown in Fig. 12, where the number of car loads per hatch is given. 
Now, in sampling, if equal weights of ore are taken at each hatch pro- 
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Railroad weight of cargo 11,793 tons. B/L weight, 1 1,678 tons Average analysis: 
Fe, 58 94. P, 0 090; Si02, 6.48; Mn, 0 91; Moisture, 13 27 per cent 
Fig, 13. — Contents of Cargo, Steamer ^^Ream ” 

portionate representation will not result. As far as my observation goes 
no such variation is allowed for in taking the sample at the lower-lake 
or receiving ports. 

Cargo-Sampling Method. — The method recommended by the Chemists’ 
Committee of the U. S. Steel Corporation for the sampling of a cargo, 
in a boat having hatches at 12-ft. centers, is, in any given hatch, to take 
a surface sample from the top of the heaped or coned ore, then, when the 
ore has been largely removed from a given hatch, a sample from the 
freshly exposed faces. The surface sample may amount to one-eighth, 
the face n n’c ■ l- 'g'- of the total Now, were the last car loads 
shot into the vessel ore of high grade, the cargo sampler would get a high 
result; were they low, then samples would be depressed, even though the 
rest of the shipment were high grade. 

Actual Results on a Cargo. — ^To arrive at the actual composition of a 
specific cargo I obtained from the train dispatcher at Hibbing, who 
assigns cars and makes up the blocks, the numbers of the cars and their 
composition, and from the dock superintendent, the pockets to which cars 
VOL. L. — 15 
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are assigned. These cars constituted block 377, and were loaded into 
the boat Ream/^ I also got from the dock superintendent the numbers 
of the pockets, and of the hatches of the vessel into which the pockets 
were discharged. In this way it has been possible to state with precision 
what has been the composition of the ore in each hatch, and that at the 
top sui'face of the coned-up ore. This is shown graphically in Fig. 13, 
in which the average analysis of the ore of each hatch is given. 

In the following table are given the weights and contents of the cargo 
of the '^Ream,^^ 11,796 long tons, the gross weight being billed at l,per 
cent. less than the railroad weight, or 11,678 tons. 


Table I . — Cargo of the 



Tons 

Iron 

Phosphorus 

Silica 

Manganese 

Moisture 

Hull Pit . 

. 5,529 

60 74 

0 080 

4 56 

0 71 

14 34 

Sellers Pit 

1,524 

58 26 

0 091 

8 90 

0 42 

10 19 

Tener 

272 

54 07 

0 085 

6 86 

2 26 

11 13 

]Morris-Burt 

714 

57 42 

0 083 

6 28 

1 32 

12 20 

Hartle3’ 

80 

53 60 

0 099 

8.74 

1 44 

17.90 

Burt 

. 2,993 

53 89 

0 115 

8.59 

1 28 

13 29 

Glen 

341 

54 95 

0 070 

7 99 

1.07 

13.43 

Clark , 

176 

59 16 

0 056 

5 28 

0 94 

11.33 

Wmn-day . . 

49 

56 82 

0 089 

9 30 

0 94 

14 00 


11,678 

58 94 

0 090 

6 48 

0 91 

13.27 


Where, as in the shipper's sample, the actual weights and analyses 
that correspond are taken, the average of the cargo is 68.94 per cent. iron. 
On the other hand, assuming, as in cargo sampling, that an equal weight 
of ore is in each hatch, the resultant average will be 57.52 per cent, iron 
only. This will illustrate that in cargo sampling serious errors may result. 

Complaint has been made by furnace superintendents that unexpected 
variations in cargoes, not shown by averages, have caused trouble in the 
working of blast furnaces. In this particular cargo the variations are 
not serious, as the figures given below indicate: 

Table II — Variation of the Boat ^Bearti^^ 

(1) In ore delivered at the dock 



Iron 

Phosphorus 

Silica 

Manganese 

Moisture 

Maximum . . 

. . . . 60 74 

0 115 

8 90 

2 26 

17 90 

Minimum 

53 60 

0 056 

4 56 

0 43 

10.19 

Average 

58.94 

0 090 

6 48 

0 91 

13 27 


(2) In ore deiivered*into the boat 



Maximum 

59.50 

0 114 

7.80 

— 

— 

Minimum . . 

55.60 

0 080 

5.50 

— 


Average . . . 

.. . 67.40 

0 092 

6 60 

— 



(3) Surface sample of ore in boat 



Maximum 

. . 58 8 

0.156 

11.00 

— 


Minimum . 

. 61.9 

0 067 

3.90 

_ 


Average 

... . 55 4 

0 103 

8.30 

— 
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In this table we note, first, that as the result of spreading out of excep- 
tional lots, and because of the consequent mixing, the ore has averaged 
better as it is shot into the hold. In (3) we see how a surface sample may 
vary from the average of the cargo, and also that if the ore from that 
point were introduced into the blast furnace it would cause more serious 
trouble than if the full depth in any hatch were used. 

Stocking Ore at the Furnaces . — Ores of the same group are stocked 



together. If such ore were more carefully bedded, and for the furnace 
charges reclaimed from top to bottom of the pile, we would count on 
greater uniformity. If stocked haphazard from two or more cargoes, 
eveR when of the same group, the variations, when delivering from the 
receiving bins to the charge skips at the furnace, are shown in Fig. 14. 
The sample was taken as the ore was delivered into the skip at every skip 
load. It will be seen from the curves that at charge 34 in the first 


Bridge 550'long 



Fig. 16. — ^Distributing and Handling Bridge. 


trial, and at charge 10 in the second, the phosphorus passed the limit 
which would permit the production of Bessemer pig. We may infer 
that the silica did not vary enough to cause a serious disturbance in blast- 
furnace working. 

Stocking Iron Ore from the Boat — Fig. 15 is an elevation of a Hoover 
& Mason unloading rig, of the stock piles made by it, of the concrete 
trough into which the ore from the vessel is delivered and from which it 
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is reclaimed to the stock pile; also a cross-section of the vessel being un- 
loaded. Ore is taken from the boat in a 6-ton grab, which may deliver 
it either to a receiving hopper on the rig itself, or to the concrete trough 
behind it. Ore from any hatch is, at one setting of the unloading rig, 
delivered at one point at the trough. Here some segregation occurs, the 
lumps rolling to the foot of the pile. Thus we get a series of conical heaps 
of ore, their centers fine, lumpy where they overlap. The ore in the trough 



Fig. 16 — Gtjakantbb, Mine, and Wobks Results on Caego Shipments. 


is reclaimed and sent to the stock pile adjoining. Since, however, the 
two ends of the bridge may be independently moved to the extent of 
30 or 40 ft. more at one end than at the other, it should be possible to 
so set it that coarse ore may be placed upon the fine, and thus some miYing 
be done. The grabs on the bridge are of 14 tons capacity. By carrying 
up the track walls of the bridge, it would appear that storage capacity 
might be increased, and the long slope be diminished. If, with this, 
attention should be given to carrying up the pile evenly and progressively 
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from the first, the ore bed would again be more uniform. Not sufficient 
attention has been given to this point and as long as the cargo was un- 
loaded promptly it did not seem to matter how it was done. Ore natur- 
ally tends to segregate, and pains and study should be given to averaging 
it. 

Cargoes, at the time of loading, are made up to a guaranteed compo- 
sition. In Fig. 16 this composition is shown graphically, as well as the 
actual analyses of several cargoes as taken at the mine and at the receiving 
port during 1908 on Mesaba iron ores. As regards the mine and cargo 
samples there are plus and minus differences, indicating that the results 
are intended to be fair, though the cause of difference or the comparative 
accuracy is not indicated. My own opinion is that, as taken at present, 
the mine sample is the more reliable, though it could be improved. It 
has the advantage that numerous results are given, and the actual weight 
of the ore is used in computing the average. 

A sample of the ore taken automatically, as it drops from a grab or 
from a Hulett machine, would give an aliquot portion of both coarse and 
fine. This sample could be kept in a pocket until taken away in a drop- 
bottom tram car. Such a car would deliver to the sampling mill, where the 
material would be automatically sampled by well-known methods. The 
system should be properly worked out so as not to interfere with the un- 
loading. I compute that for a 1 per cent, sample, taken from the falling 
ore, it would cost 0.75e. per ton. 

Of the present mehods of cargo sampling, that carried out by some 
of the independent chemists at Cleveland seems to me the best. They 
use a short-bladed scoop which takes a portion of uniform width. Where- 
ever a lump of ore is encountered the sampler judges how much of it he 
is to take. The method of taking is by rounds, as described by Mr. 
Murray. The moisture sample is taken from the ore samples as collected 
in a can at each hatch. The contents of a can are emptied on the floor, 
the lumps broken, the whole mixed and returned to the can. Later a 
weighed portion of this is taken for drying at 212° F., and the moisture 
loss determined. The united ore samples of all the hatches are used for 
the average sample. 

When it is considered that $50 to |75 is paid for the work of sampling 
and analyzing a cargo, the remuneration seems small for the care and 
responsibility involved; it amounts to 0.10c. to 0.15c. per ton. Compare 
this with the cost of sampling a precious-metal ore. Here the shipper 
cheerfully pays 50c. per ton if it is sampled at a customs sampler, 5c. to 
10c. per ton if he engages a watcher to oversee the works sample. Noth- 
ing justifies spending only $50 to $100 to obtain results on material worth 
$40,000. 

At the furnaces, sampling seems to be done only with the care needed 
for controlling blast-furnace operations, and to get results that will 
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check the mine. The blast-furnace superintendent seems to know quite 
well that the results of sampling are approximate only. I cannot see 
how he would feel like taking the responsibility of incurring expense, 
additional thought and pains to change the present system. 

The U. S. Steel Chemists’ Committee recommends a method of sam- 
pling called by them ‘grab” sampling; that is, taking a scoopful from the 
top surface of the ore in the grab as it is rising from the hatch. The 
method has much to commend it, as there is an equal representation of 
ore throughout the cargo; the chief objection to it in my mind is that the 
lumps would not be properly represented in the hasty taking. 

Indeed, too much in regard to sampling is a matter of opinion and 
theory, and such conjectures could be set at rest only by sampling car 
loads, etc., in an absolute way, and by comparing these results with the 
present ones. 

One may say then that sufficient attention has not been given to the 
sampling and stocking of ore, and that in consequence variations that 
occur here and there in a cargo, may appear at the surface in an aggra- 
vated way. This is the converse of the proposition that errors are dis- 
posed to balance one another, but it also logically leads to the admission 
that errors may be cumulative. 

In view of the conditions of ore handling, I see no way for obtaining 
a uniform ore charge, unless each plant takes care of and beds its own ore. 
It has no right to complain of the shipper, who has only to guarantee the 
whole cargo. 

A number of other points, not alluded to in this discussion, were 
developed as the result of my investigation, aU of which, if put in practice, 
would conduce to reliability in sampling and to regularity of the ore 
charge, and consequently to regular running and to uniformity of the pig 
produced. 
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Notes on Conservation of Lake Superior Iron Ores^ 

BY C. K. LEITH, MADISON, WIS. 

(New York Meeting, February, 1914) 

The questions as to what grades of ore it pays to conserve for the 
future, and the valuation of low-grade reserves, are becoming immediate 
and definite as applied to individual ore deposits, and seem to call for 
some sort of quantitative answer. Both opinion and practice involving 
these questions differ widely. The number of variables in this problem 
is so large that final solution will perhaps never be agreed upon, yet there 
seem to me to be certain controlling factors which can be placed in 
quantitative relation and serve to reduce the number of variables which it 
is necessary to consider in a given instance. 

I assume that it will not pay either for the individual or for the State 
to conserve any ore when the present cost of conservation (by stock piling 
or otherwise), when compounded at 6 per cent, interest for the number of 
years which would elapse before this ore is used, will exceed the profit 
above current cost of extraction (not including interest) which the ore 
will yield when it is used. It may be urged that any loss to the indi- 
vidual may be made up in gain to the State. This might be true if 
there were any definite limit to the amount of iron ore, but when we 
remember that iron makes up 4 per cent, of all the rocks of the earth and 
the amount of rock carrying iron in excess of 20 per cent, is, for practical 
purposes, unlimited, it is apparent that posterity is assured of its iron ore. 
The changes will be mainly in methods and cost of extracting the ore. 
Therefore, any expenditure of money or effort now, which when com- 
pounded will exceed the worth of the effort or money needed in the 
future to utilize the iron, is a net loss both to the individual and to the 
community. 

On the accompanying plate. Fig. 1, prepared by W, J. Mead, the 
amount of any given sum compounded at 6 per cent, interest for a given 


^ The subject of the economic possibilities of conservation is approached by the 
economists from a point of view which is perhaps new to some mining men. The 
reader may be interested in two short general papers on the subject, entitled: 

Some Economic Aspects of Conservation, by Ralph Henry Hess, Original Comr 
munications to the Eighth International Congress of Applied Chemistry y vol. xxvi, p. 
711 (1912). 

The Economic Possibilities of Conservation, by L. C, Grey, Quarterly Journal of 
Economics, vol. xii (May, 1913). 
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period up to 40 years may be read. For instance, if it cost 10c. a ton to 
conserve ore, at the end of 20 years this amount will be 32c. 

The present cost can be easily determined. Both the time at which 
an ore will be used and the future profit above mining costs are matters 
of speculation, but I believe it is possible to set certain limits for them. 

Future Profits . — Just as ores now show the widest variety of availa- 
bility, depending on chemical and mineralogical composition, texture, 
geologic and geographic position, cost of mining, etc., so the ores of lower 
grade which will be used in the future will show like variation in availa- 
bility. The only factor common to all ores which can be used to 
summarize and compare the different ores is profit per ton. Profit 
determines whether a given ore can now be used and will determine this in 
the future. If, therefore, we can approximate the profit per ton above 
current cost of mining for any given ore, at any given time in the future, 
we can easily calculate how much, if anything, one can afford to spend 
now to save this ore. This profit can never be accurately predicted in 
advance, but I believe it may have much the same relation to profits 
on higher-grade ores as it has at present. If a 50 per cent, ore now 
shows a mining profit of $1.50 per ton, the lower grades as calculated 
from penalties will show profits of a fraction of this amount, ranging 
down to zero. In certain favored Lake Superior localities 38 to 40 per 
eeiit. low-phosphorus, high-silica ore can be mined now at a profit of 
25c. or less. In less-favored localities, where now only the higher- 
grade ores are being mined, the time will come when the lower-grade 
ores will necessarily be mined; but when this time arrives, the profit per 
ton will probably be at least as low as the present profit for such low- 
grade ores mined from the most-favored localities and as low as the 
price we now figure from penalties, for the tonnage of the lower-grade ore 
available is so vast and so widely distributed that its extraction will be 
necessarily accomplished on a small margin of profit, like a manufacturing 
enterprise, such as, for instance, the utilization of clay and cement 
materials. The total cost to the consumer may be the same, but rela- 
tively more of the cost will go to fuel and to handling the larger quantities 
of material necessary to produce a given unit of finished product. 

More specifically, I cannot see that there is any basis for hope that 
40 per cent. Mesabi ores will be mined at any more profit per ton than 
the Marquette low-grade ores. When these 40 per cent. Mesabi ores 
come to be mined they will be in competition with enormous quantities 
of 40 per cent, ores elsewhere, and they will be mined at a very low 
margin. 

Time . — For any given iron-ore district, the rate of exhaustion of the 
higher-grade reserves may be roughly figured and the time estimated in 
which the successively lower grades are likely to come into use. For 
instance, the average percentage of iron in the Lake Superior ores has been 
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showing during the past decade a drop of about a third of 1 per cent, per 
year. With a present average of about 49 per cent, natural, at the present 
rate of decrease of grade a 45 per cent, ore would come to be used in about 
12 years. This time, of course, would not be uniform for all districts. 
Certain ores will be used long before others. This is a minimum time, 
because we must remember that as the grade falls the tonnage of available 
ores is enormously larger, which will slow up the rate of the decrease of 
grade. Also it is to be remembered that really only a small portion of Lake 
Superior is thoroughl^^ explored. I suspect that, outside of the Mesabi, 
for a hundred years to come high-grade reserves will be added to more or 
less in proportion to the expenditure made in exploration. Finally, there 
is the probability of effective competition of foreign ores. I should say, 
roughly, that in any given district, 'one would need to be optimistic to 
predict large use of an average grade 5 per cent, lower than the present 
prevailing grade in a period shorter than 30 years. 

Interpretation of Chart . — With these facts in mind, let us assume that 
it costs now 25c. per ton to conserve an ore which is 5 points lower than the 
present commercial grade. Let us also take an optimistic view of the 
situation and say that this lower grade when mined is going to yield a 
profit of 50c. a ton, which is perhaps as good as anything that could be 
figured out from the present profits on such ores, or from the calculation 
of penalties. It is apparent from the chart that such an ore must be 
used in 12 years unless there is to be a loss on the money invested in con- 
serving the ore. If, on the other hand, it costs only 10c. per ton to con- 
serve this ore, and the profit is assumed to be 50c, per ton in the future, 
it would be possible to hold the ore 28 years. If the profit per ton is 
assumed to be 25c. and the present cost of conserving it is 5c., it is possi- 
ble to hold it for 28 years. 

Without going into further illustrations, and without arguing for any 
specific figures of time and profit, it seems to me clear that there is a nar- 
row limit to the sums which it is wise to spend to conserve low-grade ores. 
It is my opinion that 25c. per ton profit at a period over 30 years away 
may be the condition of mining the greater part of the ores 5 points lower 
than the present standard for any locality. It is apparent that it would 
pay to spend a very few cents a ton to conserve these ores. If this is 
true, the present value per ton in the ground of such low-grade ores is 
practically negligible. 

In the above discussion royalty is included as a profit. The payment 
of royalty to the fee owner by the lease holder amounts to a division of 
profit. The profit of either party would, therefore, be lower than the 
figures I have given- It follows that royalties on low-grade ore will need 
to be pretty low. 

My remarks refer principally to the direct use of raw ores. So far 
as beneficiation may come into use it will make low-grade ores more 
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immediately available, and therefore increase their value, but I take it 
that deducting interest, depreciation and profit on the beneficiating 
plants themselves will leave such small profit on the low-grade ores 
themselves as not seriously to modify the above principles. 

The above suggestions are offered tentatively in the hope that they 
may bring out some discussion. 

Discussion 

Alfred C. Lane, Tufts College, Mass.: I entirely agree with the 
conclusions of Mr. Leith’s paper. The value of reserves which are 
not [to be used for many years is much smaller than is sometimes 
realized. It may also be said that in assuming 25c. a ton profit and 
royalty at distant dates, Mr. Leith is granting all that can probably be 
asked, for I think there is a widespread tendency toward reduction of 
profits. Possibly Mr. Leith has some figures showing what the reduction 
of the mine royalties given at different dates in the past has been. With 
the lowering of the grade of iron ore, it is likely that the royalty and profit 
will also lower per ton and the tendency of the times to tax land values 
and the unearned increment must not be forgotten. 
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Notes on an Iron-Ore Deposit near Hong-Zong, China 


BT C. M. TTELD, NEW YOKE, N. T. 

(New York Meeting, February, 1914) 

The southeastern coast of China, from Ning-Po to Maceo, repre- 
sents an element in the continental mass of Asia which has at practically 
all times in the remote past exhibited a tendency to rise rather than to 
subside.! This strip of land, 1,000 or more miles long by perhaps 150 
miles wide at its widest part, has in fact stood above sea level since at 
least early Cambrian times, while the great basins to the north and west 
were receiving their massive accumulations of Sinian (Cambro-Ordo- 
vician), Carboniferous, and later deposits. 

We find, therefore, a coastal fringe of metamorphic and igneous 
rocks bordering the huge expanses of sedimentary rocks which occupy 
the interior. Hong-Kong is situated toward the southwestern extremity 
of this fringe. 

Hong-Kong is an island of approximately 30 sq. miles, on the north 
shore of which is situated the city of Victoria with its 325,000 inhabi- 
tants. This island was ceded to Great Britain in 1842. In 1860 the 
peninsula of Kowloon (about 5 sq. miles), being that part of the main- 
land lying directly across from the city of Victoria, was added to Hong- 
Kong. Thirty-eight years later, in 1898, a stretch of territory, includ- 
ing the mainland behind Kowloon and numerous adjacent islands, was 
leased to Great Britain for 99 years. This last addition is known as 
the "New Territory of Hong-Kong" and comprises 376 sq. miles in 
area. 

A map of Hong-Kong, Kowloon, and the "New Territory” is shown 
in Fig. 1. My studies of this total area of over 400 sq. miles were de- 
voted primarily to an investigation of the mineral resources. Systematic 
mapping of the immensely complex eiposures of rocks was not possible 
in the time at my disposal. However, observations in this direction 
warrant a’few generalizations. 

The area in question is largely occupied by granite, for the most 
part rather coarsely crystalline, with quartz, potash-feldspar, hornblende, 
and subordinate quantities of mica as its chief constituents. Scattered 
throughout the granite are irregular masses of highly metamorphosed 

‘Bailey Willis; Research in China, voL li, chap, viii (Carnegie Institution, Wash- 
ington, 1907). 
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sediments, in fragments ranging in size from a few cubic feet up to the 
immense quartzite peaks of Ma-On-Shan mountain. At and near con- 
tacts the granite exhibits fine-grained and porphyritic facies. In plan 
the area may be conceived of as a highly irregular mosaic, with baked 
sedimentary fragments of every size and shape set rather sparsely and 
absolutely at random in a matrix of granite. 



Fia. 1 . — Map op Hong-Kono New Tbemtobt, Showing Ibon-Obb Deposits. 


Among the metamorphosed inclusions the most abundant are quartz- 
ites. Next come graphitic schists and clay slates. These are particu- 
larly abundant toward the northwest, finally coming in in great force 
and to the total exclusion of the granite along the northwest frontier, 
where they strike northeast to southwest and dip to the northwest. Oc- 
casional evidences of impure limy or magnesian carbonate rooks were 
also observed. 

Along the eastern shore of the “New Territory,” from Grass Island 
to Fo-Tau-Mun, large masses of basalt were seen, exhibiting marked 
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columnar structure. Von. Richthofen^ refers to the presence of ^^quartz- 
ose porpfnT}^ and its tufas” on the island of Hong-Kong; these were 
not observed by me. 

We have then an area occupied chiefly by an intrusive granite, carry- 
ing immense numbers of baked sedimentary inclusions of every size and 
shape. Along the northwest border of this area the granite gives way 
to schists and slates, dipping to the northwest. Along the eastern and 
southeastern edge are masses of basalt and quartz-porphyry. 
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Pig. 2, — Geological Map op the Ma-On-Shan Iron-Ore Body. 

Contour Interval, 40 ft. 

The geologic history of this area may be readily interpreted. Sedi- 
ments, probably of pre-Cambrian age, including sandstones, shales, and 
a few impure limestones or dolomites, were invaded at depth and shot to 
pieces by immense masses of granite. The northwest border of the im 
trusion appears to have more or less coincided with the present north- 
west frontier of the ^'New Territory.” (The frontier line was in fact 
established for strategic military purposes so as to include the coastal 
mountain ranges, and divides these from the lower-lying areas of the 
interior.) 

Vertically upward movements followed upon the period of intrusion 
and have continued to persist since early Cambrian times, maintaining 
the ^^New Territory” continuously above sea level, and bringing about 
the ultimate exposure through denudation of what is probably not far 
from the summit of the granite batholith, with its included fragments. 
At some period later than that of the granitic intrusion, renewed volcanic 
activity gave rise to the basalts and porphyries. 

^Froceeding^ of the American Academy of Arts and Sciences, vol viii, p, 117 (1869)v 
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Topographically the '^New Territory” presents a land surface only 
moderately advanced in its erosional cycle. A few broad valleys have 
been carved out and all traces of a possible ancient peneplain have been 
removed. For the most part, however, the land is mountainous, with 
peaks rising as much as 3,000 ft. above sea level, frequently exhibiting 
steep slopes and torrential streams. Erosion processes have still much 
work to perform to balance the effects of the last period of elevation. 

In the meanwhile we find evidences of a present reversal of the usual 
order of things. A glance at the map, Fig. 1, reveals numerous deep 




CROSS SECTION ON LINE C-D 



CROSS SECTION ON LINE E-F 

Fig. 3. — Cross-Sections, Looking East, on the Lines A~B, etc., op Fig. 2, 

indentations and peaked islands, with deep-water harbors and channels 
close to shore. In short, the '^New Territory” is clearly to-day a good 
example of ^'drowned” topography. Thus the latest chapter in our 
history points to a period of vertical subsidence, following upon the 
tendency to rise which has persisted through so many geological eras. 

It is not surprising that an area with a history such as the above 
should show abundant and varied evidences of mineralization. Gold 
and silver, lead, zinc, copper, and tin have all been discovered at various 
localities. Iron-ore deposits have also been recorded, including secondary 
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surficial deposits, occasional small veins, and contact deposits. One at 
least of this last t^^pe possesses economic interest and it is my purpose 
to present a description of it. 

The Ma-On-Shan ii’on-ore body lies somewhat less than a mile south- 
west of Ma-On-Shan peak. Its position is marked on Fig. 1. The dis- 
tance in a direct line to Tide cove is about It miles, and not more than 
2^ miles to the navigable waters of Tolo harbor. 

This ore bod}’' has been explored to some extent. It is first seen 
about I mile southeast from the village of Ma-On-Shan and extends 
in an easterly direction up a small creek for a total distance of nearly 
2,000 ft. Its western extremity lies 800 ft. above sea level and its 
eastern extremity 1,200 ft. Ma-On-Shan peak rises to an elevation of 
2,260 ft. 

Fig. 2 is a geological map of the ore deposit. Three types of rocks 
are distinguished, these being, in general, quartzite on the north, ore 



Fig. 4. — Sketch of East Wall of South'waed-Beaeing Cut, Showing Contact 
Between Oee and Granite. 

and its associate in the center, and' granite on the south. The ore bed 
and quartzite dip toward the north at from 30° to 60° from the hori- 
zontal. At one point a considerable area of quartzite intervenes between 
the ore and the granite, and evidences of the same relations are found 
toward the east, where a southward-bearing tunnel started well within 
the ore area encountered a foot wall of quartzite instead of granite. A 
drill hole also found quartzite underlying the ore. At most points where 
the contact is observable, however, the ore lies directly upon granite. 

It is apparent that the sedimentary rocks, including sandstone and 
an intercalated bed of what is assumed to have been originally an impure 
dolomite (to-day represented by the ore and its associate — this point 
will be discussed more fully below), have been intruded by great masses 
of granite. The contact shown on the geological map (Pig, 2) is a small 
portion only of the southern edge of an immense fragment of quartzite, 
constituting Ma-On-Shan mountain, and entirely surrounded by granite. 
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This fragment possibly represents an uneroded portion of the original 
cover resting upon the summit of the granite batholith. At the point 
where the ore occurs the granite penetrated but did not entirely remove 
the dolomite bed. Thus a few shreds of dolomite were here left clinging 
to the edge of the sandstone, partly protected by remnants of the under- 
lying sandstone. Both to the east and to the west the dolomite bed 
either did not originally exist or else was torn away and removed by the 
granite. At least, no trace of it appears to-day and the quartzite is 
seen in direct contact with the granite. 

South of Starling inlet, 8| miles due north from Ma-Oh-Shan, a 
lenticular bed of magnesian or limy shale was discovered, of limited ex- 
tent and grading on its strike into sandy shale. It is believed that this 
may be in some degree a counterpart of the original rock of the Ma-On- 
Shan ore body. 

Three more or less idealized cross-sections of the Ma-On-Shan ore 
body are shown in Fig. 3. The sedimentary beds are seen dipping to 
the north. In one case quartzite is shown underlying as well as over- 
lying the ore body. Just what the altitude of the granite contact may 
be is problematical. At the few exposures where it was possible to 
observe conditions the contact line was sharp but highly irregular, with a 
general dip toward the north. Fig. 4 is a sketch of the east wall of a 
small southward-bearing cut which crossed the contact. 

That the sedimentary rocks have been dislocated is abundantly shown 
by the geological plan, Fig. 2. At least three considerable faults are seen, 
trending north-northeast to south-southwest, with the down-throw on 
the northwest side. The westernmost fault was clearly revealed by a 
tunnel which started in the overlying quartzite and bore eastward through 
the fault zone into the ore body. These faults do not cut the granite. 
They either antedated the intrusion or possibly were due, in part at least, 
to the shock of this event. 

The granite is similar to that found throughout the Hong-Kong Terri- 
tory. Its essential constituents are quartz and potash-feldspar, with 
subordinate quantities of hornblende and micai chiefly muscovite. No 
microscopic examinations were made. At or near the contact it is fine- 
grained to (occasionally) porphyritic, in the latter case exhibiting at 
times conspicuous twinned orthoclase phenocrysts. Away from the 
contacts the texture is coarser. In color it is usually light gray, but more 
rarely pink, due to the presence of pink feldspar. 

The quartzite lying north of the ore body is rather sandy in texture, 
generally altered and stained; no fresh exposures were observable ad- 
jacent to the ore body. The underlying quartzite is a dense, exceed- 
ingly hard white rock, with few or no minerals other than quartz visible 
to the naked eye. At one point scant veinlets of molybdenite were 
found. 

VOL. L. — 16 
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The ore-bearing bed furnishes a most interesting study. I have 
referred to this as having probably originally been a bed of impure dolo- 
mite; a suggestion which carries with it a definite hypothesis regarding 
the genesis of the ore body^ and which therefore requires development. 
As already stated, it dips toward the north at from 30® to 60® from the 
horizontal. It is about 100 ft. thick where its full thickness can be 
measured between quartzite walls, but not so thick where it lies upon 
granite. 

It is not a solid mass of iron ore, but is broadly divisible into two 
members: namely, pure magnetite, and what was termed provisionally 
in the field ‘^greenstone,’’ but which closely resembles the “skarn” of 
the iron-ore belt of central Sweden. I shall therefore call it skarn in 
the following. This is a deep green rock, breaking into angular fragments 
where weathered, generally aphanitic, but from time to time presenting 
to the naked eye one or more of the following minerals: magnetite, 
quartz, garnet (frequently abundant), pyroxene, amphibole, mica, 
chlorite, epidote, serpentine. 

The relations of the magnetite and the skarn are highly irregular. 
As a rule, it may be said that the magnetite occurs abundantly dissemi- 
nated throughout the skarn, in bodies ranging from isolated minute 
crystals up to pure masses comprising thousands of tons. In its pure, 
massive form the magnetite is generally rather soft and granular. There 
are no well-defined boundaries between the magnetite masses and the 
skarn, the one grading imperceptibly into the other. The skarn fre- 
quently carries suflBciently high proportions of magnetite to constitute 
a commercial iron ore in itself. 

In the following table I present five analyses of Ma-On-Shan ores 
and skarn. Nos. I and II were taken from the richer portions of the ore 
body, while No. Ill represents magnetic concentrates. In this case 22 
samples of lean ores and skarn, taken from all portions of the deposit, 
were treated in the laboratory with a horseshoe magnet and the concen- 
trates thus obtained were sent up for analysis. No. IV was an average 
sample of ore, and No. Y was lean ore or rich skarn. Analyses I and V 
were made at the laboratory of the Langloan Iron & Chemical Co., 
Coatbridge, England; analysis II at the Gwendoline mine, Korea; analysis 
III by Riley & Co., Bombay, India; and analysis IV by Pearson Claudet, 
London, England. 

On viewing these analyses we note that not all the iron occurs as 
magnetite, there being a considerable proportion of hematite, particularly 
in analysis III. 

A most striking feature of the analysis is the great amount of mag- 
nesia, especially as compared with the almost insignificant amount of 
lime. The five results given in the table do not, however, represent the 
invariable ratio of these two elements. Thus eight other samples, all 
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of skarn, analyzed in a private laboratory in Hong-Kong, yielded an 
average of 6.05 per cent. CaO and 5.58 per cent. MgO, with considerable 
amounts of ^^nsoluble matter.’’ 
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38.40 

FeO.. .. 

. . 22 53 

22 26 

11 37 
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15.84 

MnO 

1 48 


0 70 

1 03 

0 74 
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0 082 
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0 028 
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CO 2 


... 

Nil 

0 80 

1 50 

Water 

. . . . 

7 20 
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Moisture . . . . 





0.10 
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0 16 








Total 

. . . . 99 897 

99 014 

100.492 

100 00 

97.355 

Fe 

. . . 66 75 

63 00 

61 59 

55.82 

39.20 

P 

0 004 

0 019 

Trace 


0.012 


Four specimens were submitted to microscopic examination, as 
follows: (a) and (6), typical skarn with angular jointing; (c), skarn with 
iron ores and garnet; (d), skarn, iron ores more prominent 'and showing 
quartz, feldspar, and ferro-magnesian minerals. The following de- 
scriptions of the micro-slides were returned, giving the minerals observed 
in the order of their quantitative importance. 

(a) {b) 



First Slide 

Second Slide 

1. Uralite. 

1. Uralite. 

1. Uralite. 

2. Colorless pyroxene? 

2. Colorless pyroxene? 

2. Magnetite. 

3. Magnetite. 

3. Magnetite. 

3. Periclase? 

4. Periclase? 

4. Periclase? 

4. Pyroxene? 

(c) 


(d) 

First Slide 

Second Slide 


1. Colorless twinned pyroxene. 

1. Pyroxene. 

1. Pyroxene? 

2. Magnetite. 

2. Magnetite. 

2. Magnetite. 


3. Secondary aggregate 3. Secondary serpentine, 

formed from 1. 

The mineral determined as periclase (described as a colorless isotropic 
mineral with a high refractive index) was so designated only with hesi- 
tation. However, the excess amount of magnesia shown by the analyses 
lends generous support to this determination, leading to the supposition 
that when the rock was developed into its present state a part of the 
magnesia combined with the silica, lime, and alumina to form pyroxene, 
while the excess remained as free magnesia or periclase. 
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Taking the results of the micro-slides broadly, in conjunction with 
the analyses, it would appear that the typical unaltered aphanitic por- 
tions of the skarn consist essentially of lime-magnesia-pjToxene, magne- 
tite, and periclase. The more coarsely crystalline portions reveal,^ in 
addition to magnetite and not readily distinguished ferro-magnesian 
minerals, quartz, frequently abundant garnet, mica, chlorite, epidote, 
and serpentine. 

Without the field evidence the magnetite-skarn body might be ad- 
judged a magmatic differentiation out of an ultra-basic rock. As it is, 
it is believed to be of contact-metamorphic origin. It .seems probable 
that this ore-bearing bed, lying partly intercalated with quartzites and 
in contact with an intrusive batholith of granite, has been developed 
out of an originally non-ferruginous but easily vulnerable rock through 
the selective impregnation of mineral-bearing emanations from the 
granite magma. 

Examples of contact metamorphism where limestone beds have been 
locally wholly replaced by iron ores, associated with a variety of minerals 
generally similar to those found in the Ma-On-Shan ore body, are well 
authenticated and numerous. Perhaps the only striking difference be- 
tween these authenticated occurrences and Ma-On-Shan is the extra- 
ordinary abundance of magnesia in the latter. This we may account 
for by the obvious suggestion that the original rock was one rich in mag- 
nesia — namely, a dolomite. 

The high-magnesia characteristic is not entirely unique, as may be 
seen by comparison with the published analyses of iron ores from the 
Tilly Foster and Mahopac mines of Putnam county, N. Y.;® in that 
case, however, the magnesia is identified as present in the mineral 
chondrodite. Koeberlin* attributes a contact-metamorphic origin to 
these ore bodies. Sjogren' describes a similar occurrence and associa- 
tion at Nordmarken, Sweden. 

The fact that the Ma-On-Shan deposit, as far as observable, is in the 
form of a bed does not preclude a contact-metamorphic origin for its 
ores. It would be but natural that where an intrusive has cut a series 
of beds of varying composition and texture, a selective attack, accord- 
ing to the vulnerability of the different materials presented to its field 
of action, has taken place.' In this case the sandstone has suffered little 


* A. F. Wendt: Trans., xiii, 481 (18S4r-85). 

* Economic Geology, vol. iv. No. 8, p. 749 (Deo., 1909). 

* Trans., xxxviii, 796 (1907). 

' I may cite as a striking example of such a selective attack the magnetite ore 
beds near Dillsburg, Pa., described by Spencer {Bulletin No. 359, U. S. Geological 
Survey, pp. 74 to 96 [1908]) and Harder {Economic Geology, vol. v. No. 7, p. 699 
[Oct.-Nov., 1910]). The Mahopac ore beds above referred to are also an excellent 
example. 
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beyond an intense baking, possibly also silicification. The dolomite 
bed, on the other hand, has been thoroughly saturated by the magmatic 
emanations. Carbonic acid has been practically wholly expelled (see 
analyses IV and V), as also probably a portion of the lime. Magnesia 
appears to have been more resistant and has largely remained; in part 
as periclase, in part combined with other elements to form new minerals. 
Large amounts of iron have been added and possibly small amounts of 
silica. In short, the dolomite bed has been converted in the vicinity of 
its contact with the granite into a magnetite-skarn bed, the latter fol- 
lowing the lines and structural position of the former. If the ore bed 
could be followed to a sufficient distance away from the granite contact, 
it would probably be found in its original condition of impure dolomite. 

The fact that the possibly pre-granitie faults cut the ore body does 
not indicate that the ore body likewise was pre-granitic. The dolomite 
bed suffered this faulting, and when replaced by ores and contact minerals 
these latter naturally followed out all of its structures, completely filling 
the spaces formerly occupied by it between the inclosing walls of im- 
pregnable sandstone. 

I have indicated on Fig. 1 five other localities where iron-ore bodies 
similar to Ma-On-Shan but of smaller dimensions have been found. I 
have also shown three points where veins of magnetic iron lying wholly 
within granite areas have been discovered. These latter undoubtedly 
owe their metal to the same sources as the contact-metamorphic deposits, 
the veins being shrinkage fissures due to the cooling of the granite and 
filled by mineral-bearing solutions rising out of the still viscid interior. 
The presence of these fissure veins of magnetic iron further supports the 
hypothesis that the iron ores of Ma-On-Shan were derived from the 
granite and were not indigenous to the intruded sediments. 

I conclude with the belief that there is sufficient evidence for assigning 
this interesting Chinese iron-ore deposit to the now well established 
contact-metamorphic or, as more narrowly defined by Leith, ^ pegmatite’' 
class of ore deposits. 


'^Economic Geology^ vol. iii, No. 4, p. 277 (June-July, 1908). 



24G THE PLANT OF THE DUPLEX PROCESS FOR MAKING STEEL 


The Plant of the Duplex Process for Making Steel 

BY J, K. PURST,* NEW CASTLE, PA. 

(Pittsburgh Meeting, October, 1914'> 

The reasons for manufacturing steel by the duplex process are, briefly : 
saving of time; increasing output for capital invested; and avoiding the 
difficulty sometimes experienced in obtaining scrap. On account of the 
latter reason, some plants duplex only at such times as the price and 
quantity of scrap in the open market warrant. At some plants the use 
of the duplex process enables the blast-furnace practice to be simplified, 
because the furnaces run more smoothly and produce more iron when 
not held to a strict specification as to the silicon and phosphorus 
therein. 

The duplex process was practiced in Witkowitz as far back as 1878, 
but it was left to the steel makers of this country to develop it along 
practical, commercial lines. The American companies manufacturing 
steel by the duplex process at the present time are: Tennessee Coal, Iron 
& Railroad Co., Maryland Steel Co., Bethlehem Steel Co., Pennsylvania 
Steel Co., Jones & Laughlin Steel Co., Colorado Fuel & Iron Co., Lacka- 
wanna Steel Co., Dominion Iron & Steel Co. of Canada. 

All of these companies, except the Dominion Iron & Steel Co., 
combine the acid Bessemer with the basic open-hearth process, while 
the latter combines the basic Bessemer with the basic open hearth. 

The Tennessee Coal, Iron & Railroad CoJs Plant 

The installation of a converter of 15 tons capacity at the Ensley plant 
of the Tennessee Coal, Iron & Railroad Co. in 1904 marked the intro- 
duction into this country of the duplex system. The experience gained 
in the employment of the Bessemer converter had demonstrated that 
there was a shortening of the time required in the open-hearth furnace and 
a reduction of the outlay for fuel and lime, thus affording substantial 
evidence of the economies resulting from this method. 

The scarcity of steel scrap in the Birmingham district; its dependence 
on its own resources for pig iron; its lower cost of fuel; and the lower lime 
cost with the use of the direct metal in the converter, were the factors 


* Chief Engineer, Pennsylvania Engineeruyg Works. 






248 THE PLANT OF THE DUPLEX PROCESS FOR MAKING STEEL 

which brought about the construction of the second duplexing plant, 
which went into operation in the fall of 1907 and has been operated con- 
tinuously ever since. At the time the original i5-ton converter was 
installed at the Tennessee Coal, Iron & Railroad Co.^s works, the steel- 
making plant consisted of six blast furnaces, one 250-ton primary regen- 
erative furnace, and eleven oO-ton open-hearth furnaces, of which one was 
stationary and ten were tilting. The original converter was erected 
between the 2o0-ton regenerative furnace and the open-hearth plant, and 
was served by an electric traveling crane. It was operated by one 75-h.p. 
electric motor through worm, pinion, and gear, and was the first converter 
in this country to be operated electrically. 

The second plant built by this company marked the beginning of 
duplexing in this country on a large scale. AU the details of this plant 
were worked out so carefully that practically no changes or improvements 
have been found necessary, or even desirable, since then. As shown in 
Fig. 1, this plant consists of six modern blast furnaces and two batteries 
of basic open-hearth furnaces, each consisting of four 100-ton hydraulic- 
all}" tilting furnaces, having hearths 15 ft. wide by 44 ft. 2 in. long. Be- 
tween the two batteries of open-hearth furnaces, and in line with them, 
is located the Bessemer building. The converters and the converter- 
building floor are served by a 100-ton traveling crane. This building 
houses the two 20-ton converters; one 250-ton and one 600-ton hot-metal 
mixer; and two 10-ton cupolas for melting scrap, located directly back 
of the pouring-end of the mixers, with the necessary equipment of troughs 
so that they can be tapped into the converter-charging ladle which plies 
between the mixers and converters. 

The iron comes from the blast furnaces in 25-ton hot-metal cars, and 
is poured into the mixers by means of hydraulic lifts. The iron is poured 
from the mixers into the converter-charging ladle, which travels over a 
charging floor at an elevation of 14 ft. 7 in. above the open-hearth charging 
floor. The molten iron is charged into the converter by means of a 
hydraulic post crane. After it has been blown, it is discharged into a 20- 
ton ladle car and carried directly to the open-hearth furnace. The bottom 
house, situated directly opposite the converters, contains seven bottom- 
drying ovens, crusher, wet and dry pans, and the necessary bins, etc., 
for making up the bottoms. After the bottoms have been made up here 
and dried, they are placed on the hydraulic jack cars, of which there are 
two, and transported to the converters as required. 

The distinctive feature of this plant is that the converters are located 
directly between, and in line with, the two batteries of open-hearth fur- 
naces, thus minimiring the haul of the blown metal. The track over 
which the blown metal is conveyed to the open-hearth furnaces is located 
in the open-hearth building, adjacent to the furnaces and between the 
charging-box track and the furnaces. The ladles are drawn up in front 
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of the furnace doors and the contents poured directly from the ladle, 
without removing it from the car, into the charging spout. The ladle is 
tilted by an overhead traveling crane. 



The vessels, as shown in Fig. 2, are swung on well-designed, heavy, 
cast-iron column stands and are 40 ft. center to center. Instead of 
following the usual practice of riveting the trunnions directly to the shell, 
they are secured to an annular supporting ring, the vessel being secured 
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in place by means of lugs and keys. This supporting ring not only serves 
to prevent the wearing of the sides of the vessel in the rivet holes which 
ha\^e become distorted by the constant reversal of stresses on account of 
turning the vessel from time to time, and which has been a source of great 
inconvenience in the past at some of the works manufacturing Bessemer 
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steel, but also facilitates the removal of the vessel for relimug and repairs. 
A spare vessel, lined and ready for service, is kept standing convenient 
to the vessels in operation. The tuyere plate has 26 tuyere openings. 
The vessels are operated hydraulically by two vertical racks working on 
one pinion for each vessel. Blast is supplied to the converter from an 
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Allis horizontal, cross compound, Corliss blowing engine (46 by 88 by 84 
in. and 60 by 84 in.) through a 30-in. diameter air line to the 24-in. air 
valves beneath the pulpit, thence through an 18-in. air line to the blast 
trunnion of each vessel. The blast line, just before connecting with the 
trunnion sleeve, is provided with a gas-escape valve, which allows any 
back flow of gas to escape to the atmosphere rather than into the main air 
line. The blast elbow and wind box are of the usual design. The un- 
usual size of the converters was amatter that received careful consideration 
at the outset by the Tennessee Coal, Iron & Railroad Co.’s engineers, and 
the 20-ton vessel was adopted, since it afforded economies in operation, 
by decreasing the refractory cost and reducing the expense of blowing. 

While it is not the intention of this article to go into either the chem- 
istry or the metallurgy of the duplex process, a brief outline of the method 
of operation of some of the followers of the process may prove of interest; 
The methods employed at this plant of bringing the iron from the furnace, 
charging the mixer, charging the converter, and pouring from the con- 
verter, have been previously described. The hot metal coming from the 
blast furnaces to the mixer is of the following analysis : Silicon, 0.80 to 1.25 ; 
phosphorus, 0.9 to 1.0; manganese, 0.3 to 0.4 per cent. In the converter, 
all of the metal is desiliconized and partly decarbonized. Four ladles 
of blown metal are required for each open-hearth heat. Ordinarily the 
first two are blown soft, analyzing: carbon, 0.1; phosphorus, 0.7 to 1.0; 
manganese, 0.08 per cent.; and the second two ladles are partly decar- 
bonized, the percentage of carbon blown out depending on the amount of 
scrap charged in the open-hearth furnace. Before the blown metal is 
poured into the open-hearth furnaces, burnt lime, iron oxide (the latter 
in the form of scale or ore), and about 15 per cent, of scrap are charged; 
then the two ladles blown soft are poured in, and lastly the two ladles 
partly decarbonized, containing 2 per cent, carbon, or slightly more, are 
added. When the second two ladles are poured into the open-hearth 
furnace a violent reaction takes place, which transfers practically all of the 
phosphorus into the slag. It is here that the advantage of the tilting 
type of open-hearth furnace, over the stationary type, comes in, as at this 
juncture the furnace is tilted back, allowing the excess slag to run out of 
the doors into the slag cars beneath the furnace. Recarbonizing of the 
steel at the end of a heat is not often found necessary, the practice making 
it possible to catch the carbon on the way down. Ferro-manganese is 
added for the manganese. It took from 1 to hr. to charge the blown 
metal into the furnace, and about 1 hr. to finish the heat. Records kept 
show a variation of from 4 to 8 hr. per heat. The time required for 
blowing the heats in the converters varies, depending on the silicon con- 
tent, the blast pressure, and other factors. Desiliconizing takes from 2 to 
10 min., and decarbonizing from 12 to 20 min. 



252 THE PLANT OP THE DUPLEX PROCESS FOR MAKING STEEL 

The Dominion Iron & Steel Cols Plant 

At about the same time the Tennessee Coal, Iron & Railroad Co., 
situated at the southern American boundary of the steel industry, was 
considering the question of duplexing on a large scale, the Dominion 
Iron & Steel Co., situated at the extreme northern boundary of the steel 
industry, concluded to install a duplexing plant. The Nova Scotian ores 
were similar in many respects, but had a higher phosphorus content, 
and the chief reasons why duplexing was considered advantageous were 
the long period of time otherwise required in the open hearth, and the 
difficulty of operating the blast furnaces under a strict specification as to 
silicon and phosphorus. Consequently, in July, 1906, they let the con- 
tract for two 15-ton Bessemer converters, with the necessary building 
and equipment. Construction started in December of the same year and 
the first heat was blown in May, 1907. The vessels were operated for 
some time with an acid Bessemer lining with very satisfactory results, 
which, however, seemed short of the maximum possibilities. It was 
thought that, by operating with a basic lining, better results might be 
achieved. This was at the time considered somewhat experimental in 
view of the fact that in Europe, where the basic Bessemer practice was 
commonly pursued, it was considered that at least 1.76 to 2.25 per cent, 
phosphorus was necessary. However, the necessary alterations in the 
bottom house were made, the mica schist lining of the vessels was 
removed and one of stamped dolomite and tar substituted, and the basic 
Bessemer process was begun. This method has been in use ever since. 

In the year 1910 a third vessel, of the same size and design, was added 
to the original plant. At this time, the steel-manufacturing department 
consisted of four blast furnaces, one 300-ton hot-metal mixer, three 15-ton 
Bessemer converters, two in actual service and one spare, and ten 50-ton 
basic open-hearth furnaces of the Campbell tilting type. Of the ten 
open-hearth furnaces, nine are operated according to strict open-hearth 
practice, furnace No. 1 alone being used in conjunction with the duplex 
process. Also, there were under construction at this time two blast 
furnaces and two 600-ton mixers. The mixer building and the converter 
building are situated between the blast furnaces and the open-hearth 
plant. The vessels are served by a traveling crane, which operates 
throughout the full length of the building. The three vessels are arranged 
in line in the Bessemer building, 36 ft. centers. The vessels are of the 
eccentric type, having a shell diameter of 10 ft. 9 in., with trunnions 
riveted directly to the shell. The wind box, blast elbow, and trunnions 
are of the usual design; but the tuydre plate, instead of being of the usual 
type with 6-in. openings in which refractory tuyeres are placed, is a solid 
plate provided with 73 f-in. tuyfere openings. The vessel is electrically 
operated, the power being transmitted through worm, pinion, and gear 
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directly to the trunnion, which gives ample power at all times, although 
when the vessel is in a horizontal position with bottom off, it requires 
about all of the power to bring it to the vertical position. The blast for 
blowing the vessel is furnished by the blast-furnace blowing engines 
through a 36-in. diameter main, 1,365 ft. long. We mention this length 
on account of the unusual distance over which the blast is carried. The 
18-in. branch blast mains on each vessel are provided with air-relief valves. 
The blast is delivered to the vessels at a pressure of 18 to 20 lb. 

At this plant the iron coming from the blast furnaces has the follow'- 
ing average analysis: Total carbon, 4.25; silicon, 1.00; sulphur, 0.05; 
phosphorus, 1.50; manganese, 0.20 per cent. The iron is delivered from 
the blast furnace to the mixer, and from the mixer to the converters, by 
means of hot-metal ladle cars, and charged into the mixer with overhead 
traveling crane, and into the converters by means of an electric ladle 
hoist. 

From 2,600 to 2,800 lb. of burned lime is charged into the empty con- 
verter, after which is charged about 11 tons of fluid pig iron from the 
hot-metal mixer. After the metal has been blown, the slag is skimmed into 
a cast-iron box car made for the purpose, and the metal is then poured 
into the ladle car, which transports it to the open-hearth furnace, the 
entire blow consuming from 12 to 15 min. Under good average conditions 
the blown metal has the following analysis: Carbon, 0.03; phosphorus, 
0.07; sulphur, 0.05 per cent.; manganese, none; and the slag is consti- 
tuted as follows: Silica, 13.0 to 14; alumina, 1.0; lime, 48.0 to 51; 
magnesia, 2.0 to 4; phosphoric acid, 17.0 to 19; manganous oxide, 1.5; 
iron protoxide, 13.0 to 15. Five ladles of the blown metal are charged 
into the open-hearth furnace as they are delivered from the converters, 
but, prior to this, the open-hearth furnace has been charged with about 
4,000 lb. of burned lime and 6 to 8 tons of molten iron, direct from the 
hot-metal mixer, the latter iron being depended upon to give sufficient 
carbon for the chemical reaction. Ten to twelve heats are made in No. 
1 open-hearth furnace in 24 hr. One of the economies resulting from the 
practice of the basic duplex process is the revenue derived from the Besse- 
mer slag after it has been ground and prepared for agricultural purposes. 

The Bethlehem Steel Co.’s Plant 

In 1910 the Bethlehem Steel Co., desiring to increase and add flexibil- 
ity to the output of its new Saucon plant and to render itself more inde- 
pendent with respect to the fluctuations of the scrap market, decided to 
adopt the duplex process, and, consequently, in 1911, a plant was installed. 
Rather than further burden its own organization, it let the contract to 
the Pennsylvania Engineering Works for the complete plant, which 
was designed, built, and turned over to it in operating condition. The 
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original Saucon Steel Works, which were put into operation in 1907, 
consisted of ten 60-ton stationary open-hearth furnaces and one 
250-ton hot-metal mixer, a Gray universal structural mill for roll- 
ing wide-flange I-beams and H-column sections, a standard struc- 
tural shape mill, and a rail mill. In 1913, the Bethlehem Steel Co. 
added to the open-hearth department of the Saucon Works, six 75-ton 
open-hearth furnaces of the stationary type, locating them on the east 
end of the original open-hearth plant, and added to the mixer capacity 
one 1,000-ton hot-metal mixer of what is known as the German type. 
The Bessemer converting plant occupies a position east of, adjacent to, 
and in line with, the open-hearth building, thus making it possible to 



Fig. 5b. — 400-ton Hot-Metal Mixer, Bethlehem Steel Co. 

connect the track for the transport of the blown metal from the converters 
to the open-hearth department directly with the track in the open-hearth 
building running parallel with the furnaces, but back of the charging- 
machine track. We might point out here that the location of the con- 
verters with respect to the open-hearth furnaces in this process is of the 
utmost importance, because the quick and easy transfer of the blown 
metal is one of the essential factors of success. The output of this de- 
partment at present, operating on a straight open-hearth basis, is 79,000 
to 75,000 tons of ingots monthly. As duplexing is practiced only part 
of the time, it cannot be said just what the output would be if the works 
were operated continuously under the duplexing method; but actual 
results have shown that for a given tonnage of steel there is a saving of 
about 65 per cent, in time. 

VOL. 'X.— 17' " 
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The Bessemer converting plant, the general arrangement of which 
is shown in Figs. 3 and 4, is contained in two buildings, one known as the 
mixer-converter building, where the hot-metal mixers and converters 
are housed, and the other as the bottom house, where the bottoms are 
made up, dried, ladles repaired, etc. The floors of these buildings are 
on the same level as the charging floor of the open-hearth building. The 
mixer-converter building is of steel, and of the usual heavy mill type 
construction. It is provided with two 75-ton capacity, 70-ft. span, travel- 
ing cranes for serving the hot-metal mixers and converters. The con- 
verters occupy the west end of the building nearest the open-hearth 
plant, while the hot-metal mixers occupy the east end. 

There are two hot-metal mixers, one of 400 tons capacity, of the type 
indicated in Fig. 5, and one of 1,000 tons capacity, of what is known as 
the German type. While these mixers have a combined nominal capacity 
of 1,400 gross tons, their actual capacity is considerably in excess thereof, 
since the larger mixer will hold at least 1,200 gross tons of molten iron. 
The 400-ton mixer was originally built to operate hydraulically, but has 
since been converted to operate electrically. It is mounted on heavy, 
cast-iron rocker stands, which furnish tracks for the cast-iron rollers. 
The two cast-steel rockers serve the dual purpose of a cradle for support- 
ing the plate work and a tire for revolving the mixer on the rollers. The 
shell, which is semi-cylindrical in form with bulging convex ends and 
domed roof, with receiving and pouring spouts on the straight portion of 
the cylinder, is made of 1-in. steel plates. The mixer is lined throughout, 
to well above the slag line, with 9-in. thick magnesite brick, backed up by 
9 in. of good grade fire brick, while the roof has a 13J-in. lining of 
furnace-roof brick. 

The 1,000-Ton hot-metal mixer, constituting the other unit of this 
plant, is interesting on account of its large capacity as compared to former 
mixers in this country, 600 tons being the limit of capacity up to that 
time. At the time of making the contract for the building of the mixer, 
the Bethlehem Steel Co. stipulated that the builder should, before 
designing the mixer, send his engineers to Germany to investigate both 
the design and method of operation of the large mixers of that country, the 
result of which investigation was that the engineers came home and de- 
signed the present mixer after the German type, making such alterations 
and improvements as were found necessary to meet American conditions. 
(See Fig. 6.) The mixer consists of a cylindrical shell with spherical ends. 
It is provided with receiving spout on one side and pouring spout on the 
opposite side. The receiving spout, except when metal is being poured 
into the mixer, is sealed by a door, which is opened and closed by means 
by a 7^-h.p. electric motor. The pouring spout is closed by means of 
a number of flat brick arches held in steel stirrups, except ’a very small 
opening for the egress of the metal, thus making it possible to conserve 
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from 90 to 96 per cent, of the original heat of the iron charged into the 
mixer. 

A comparison might be made here between the two types of mixers: 
In the case of the 400-ton mixer it will be noted that the area of the surface 
of the metal is large compared with the depth and total volume of the 
metal, whereas, in the 1,000-ton mixer, the area of the surface of the metal 
is small as compared to the depth and total volume. This fea'ture also 



has its bearing on the conservation of heat. The 1,000-ton mixer is pro- 
vided with a heating apparatus in which oil, producer, coke-oven, or 
blast-furnace gas is used. During the investigation of mixers in Germany 
it was found that, while most of the mixers were provided with a means of 
artificial heating, nevertheless the artificial heat was unnecessary except 
in one instance, and, in most cases, the ports for this heat entry were 
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blanked off. At South Bethlehem it has been found to be of advantage, 
however, to use a small amount of artificial heat. The cylindrical shell 
of the mixer is provided with four cast-steel bands, spaced uni- 

formly between the two ends. The two outer bands encircle the cylinder 
about half way, while the two inner bands form a complete circle. These 
bands serve the dual purpose of reinforcing the shell and supplying tires 
on which the mixer rotates on the rollers. There are four groups of 11 
cast-steel rollers, 16 in. in diameter with 16-in. tread. Each group of 
rollers is formed into a cradle by means of heavy side bars, with shafts 
extending through the side bars and rollers, thus insuring equal spacing 
of the rollers in the groups at all times. Two lines of heavy struts are 
provided between the cradles, to insure the action of all the groups as one 
unit. The weight of the mixer is transmitted directly from the rollers 
to four heavy cast-iron roller stands, thus producing true roller bearings, 
and TTn'nimimng the friction. It may be worthy of mention here that, 
with this type of mixer, the center of rotation coincides with the center of 
gravity, whereas, in the former type, it is necessary to lift the center of 
gravity about the center of rotation, from which it will easily be seen that 
the larger type of mixer requires, relatively, considerably less power to 
operate. In order to insure alignment of the rocker stands, and to tie 
the mixer more firmly to the foundations, two heavy I-beam girders are 
provided, extending longitudinally under the rocker stands the full length 
of the mixer. These girders are provided with shear plates, while the 
bases of the stands are provided with shear lugs. This feature 
is also of considerable advantage when lining up the mixer at the time of 
erection. The 1,000-ton mixer is operated by two 75-h.p. electric motors, 
either of which is capable of furnishing the required power. The motors 
are controlled by a magnetic switch-type controller, and are arranged so 
that they will operate in series during the pouring period and in parallel 
during the return of the mixer to its normal position, thus reducing the 
time for pouring and the return of the mixer to a minimum. The motors 
are placed one at either end of the smixer and are both connected to the 
line shaft, which is provided with a clutch adjacent to either motor, which 
may be disengaged in case of accident or for repairs. The 1,000-ton 
mixer has a surface lining 9 in. thick of magnesite fire brick extending 
well above the slag line, which is backed with 13| in. of fire brick, which, 
with the packmg between the lining and the shell, makes a total tMckness 
of lining of about 2 ft. The extraordinary thickness of the lining also 
tends to conserve the heat of the mixer contents. 

The converters, which are of 20 tons capacity, are spaced 40 ft. center 
to center, and are similar to those described at the plant of the Tennessee 
Coal, Iron & Railroad Co., with the exception that in this ease it was 
thought desirable to contract the body of the vessel where it joins the 
bottom, in order to make the diameter of the vessel less, thus bringing 
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the tuyeres nearer to the side walls. This has a tendency to deeper 
the bath slightly for a given charge of metal; but, on the other hand, 
brings the bath more directly over the tuyere openings. The converters 
are operated by means of hydraulic cylinders through racks and pinions, 
similar to those of the Tennessee Coal, Iron & Railroad Co. The hy- 
draulic cylinders are on a pressure line of 550 lb., which is provided with 
tank accumulator to balance the pressure. The converters are operated 
by means of Aiken valves, and the pressure lines throughout are made of 
double extra pipe. The blast for blowing the converters is furnished by 
Southwark horizontal cross-compound engine with barometric condenser, 
with steam cylinders 46 and 84 by 60 in. and air cylinders 84 by 60 in. 
The engine is designed to furnish 45,000 ft. of free air per minute, at 30 lb. 
pressure, and is located in the power house adjacent to the open-hearth 



plant. The blast is conducted to the converters through a 30-in. main 
about 500 ft. in length, which is provided with air-relief valve to prevent 
back pressure to engine. It is also provided with a tank air receiver near 
the converters to balance the pressure. The air is delivered at a pressure 
of 18 to 20 lb. from the receiver tank to each converter through an 18-in. 
air line provided with an 18-in. air valve operated from the pulpit. Heavy 
steel construction operating floors and platforms are provided about 
both the mixers and the converters. One 75-ton track scale is provided 
directly under the pouring spout of each mixer, and another between the 
converters and the open-hearth furnaces, on which the metal is weighed 
prior to charging into the converters and again after it has been blown, 
on its way from the converters to the open-hearth department. 

The bottom ‘house is located just south of the mixer-converter building. 
It has a 16-ft. leanto extending throughout the full length of the building, 
which is divded into ten equal bays. Five of these bays in the leanto are 
occupied by the five ovens for drying the bottoms. The ovens, shown 
in Figs, 7 and 8, have flue connection with a common draft stack, and are 
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heated by firing from the rear mth small anthacite coal, for which special 
grates are provided. Forced draft is furnished by an Eynon & Evans 
blower on each fire box. The ovens are equipped with Kinnear roller 
curtain doors and each one has a floor space of 14 by 16 ft. This house 



J 1 SECTION E-E 

Fig. 8. Elevation and Section op Bottom Ovens, Bethlehem Steel Co. 

contains a bottom pit, over which the bottoms are made up, a Blake 
crusher for crushing stone for linings, an 8-ft. wet pan, a 9-ft. dry pan, and 
the necessary bins and conveyor for handling the raw material. The 
machinery is driven by a 100-h.p. electric motor. There are also ten 
ladle rests for the repair of the linings of the steel ladles. For lifting 
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the bottoms on and off the cars and bottom pit, handling the ladles, etc., 
there is provided a 25-ton electric traveling crane. The burned-out 
bottoms are brought from the converters, and the newly made up bottoms 
returned to the converters, on hydraulic jack cars. 

The method of operation at the Saucon Works is practically as follows : 
The molten pig iron is brought from the blast furnaces situated at the 
Lehigh Works, 1| miles distant, in trains of 40-ton capacity hot-metal 
cars drawn by the usual standard-gauge locomotive. Just before entering 
the mixer building, the metal is weighed on a 100-ton capacity track scale. 
It is then drawn into the building directly opposite the mixers and is 
poured into the mixers by means of the 75-ton overhead electric traveling 
crane. The metal is poured from the mixer into a 25-ton capacity ladle 
car, weighed on the 75-ton track scale placed in the floor directly under 
the pouring spout of each mixer, and then transported to the converter, 
where it is charged by means of the overhead traveling crane. The ladle 
is of special design with respect to the pouring spout, the object being to 
retain as much of the slag as possible in the ladle. For this purpose the 
spout is made so that the metal will pour through a narrow and rather 
deep opening. The slag is retained in the ladle for several charges and 
then dumped out. At some plants skimming is resorted to. This is 
especially true in Germany, where the ladles of metal are skimmed both 
before pouring into the mixer and before charging into the converter. 
After the metal has been blown in the converter, it is poured into 25-ton 
ladle cars (two of which are in constant use for the transfer of metal when 
duplexing), and transported by an electric locomotive over a standard- 
gauge track to the open-hearth furnaces. The hot metal is poured by the 
overhead traveling crane into the furnace, through a portable spout, 
which is placed in position by the charging machine at time of charging. 
Five of the ten 60-ton stationary open-hearth -furnaces are used in the 
duplexing process; the remaining five 60-ton furnaces and the six new 
75-ton furnaces are kept on the straight open-hearth practice making 
steel from the hot-metal mixer iron and scrap. Ordinarily three ladles of 
converter iron are charged into the open-hearth furnace, one after another, 
as rapidly as they can be blown. All of the metal is desiliconized in the 
converter and, of the three ladles of metal constituting the open-hearth 
furnace charge, the former two have practically all of the carbon elimi- 
nated, while, in the last one, about 2 per cent, of carbon is left, to bring 
about the reaction in the open-hearth furnace. The average open-hearth 
furnace charge is 40,000 lb. scrap, 15,000 lb. burnt lime, and 95,000 lb. 
of converter iron. The time required in the open-hearth furnace varies 
in general practice from 4 to 6 hr., although a single heat has been put 
through in hr. At times, recarbonizing is found necessary, and, for 
this purpose, there is in the open-hearth building a 250-ton hot-metal mixer 
employed as a receiver for the recarbonizing iron, which is of a special 
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Bessemecquality made from low-phosphorus ores. This metal is poured 
from the mixer into ladles, and added to the bath in the open-hearth 
furnaces, as needed. 

The Pennsylvania Steel Co.’s Plant 

The steel-making department of this company, in which duplexing 
is carried on, consists of six 75-ton and two 200-ton open-hearth furnaces, 
tw’O 20-ton Bessemer converters, one 300-ton and one 800-ton hot-metal 
mixer, and a bottom house equipped with the necessary crushing a,nd 
grinding machinery, drying ovens, etc., for preparing the material, 
making up, and drying the bottoms. The plant was built in 1913, with 
the exception of the six 75-ton open-hearth furnaces and the 300-ton hot- 
metal mixer, which, previous to this time, were run on straight open- 
hearth practice. The contract for the 800-ton mixer and the two con- 
verters was let on April 19 and the converters blown in on the following 
December 1, making a record time of 7f months for the construction 
of such a plant.- As indicated in Fig. 9, the mixer-converter department 
is situated in the main open-hearth building on the charging-floor side. 
Extending round about both the mixers and the converters there is a 
spacious working platform of steel construction, 20 ft. above the ground 
floor and at the same elevation as the open-hearth charging floor. The 
molten pig iron, coming from the blast furnaces in trains of 45-ton hot- 
metal cars, is poured direct into the receiving spouts of the mixers 
without removing the ladles from the cars. The mixers pour into ladles 
resting on the ground floor, which are hoisted and charged into the 
converters by the overhead traveling crane. The converters in turn pour 
into ladles resting on the ground floor, which are hoisted to the open-hearth 
charging floor and transported by the overhead traveling crane to the 
open-hearth furnace to be charged. 

The hot-metal mixers are of the semi-cylindrical, bulging-end type, 
and are tilted by electric motors operating through suitable trains of gears 
and screws. The control equipment is of the magnetic switch type. The 
converters, shown in Fig. 10, are placed 42 ft. center to center. They are 
duplicates of those of the Bethlehem Steel Co,, with the exception of the 
overturning arrangement, which is electrical. Each converter is provided 
with two 100-h.p. motors controlled by magnetic s-witch-type controller. 
Either motor is capable of operating the vessel and there are shaft 
couplings provided so that either motor may be disengaged at any time. 
The power is transmitted from the motors through one gear reduction on 
the motors, a worm and worm wheel and pinion on the worm-wheel shaft 
to the driving gear on the converter trunnion. Mention is made here of 
the worm wheel, which has the wearing faces of the teeth lined with in. 
of babbitt metal, which reduces the friction, thus prolonging the life of 
the teeth. The arrangement of this plant deserves special attention, as 
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it represents one of the best conditions for economy and convenience of 
operation which has been attained up to the present time. 

General Remarks 

The two 20-ton vessels as installed in the plants of the Tennessee Coal, 
Iron & Railroad Co., the Bethlehem Steel Co., the Jones & Laughlin 
Steel Co., and the Pennsylvania Steel Co., are capable of producing 
100,000 tons of blown metal per month. The benefits derived from the 
duplex process for making steel have been enumerated in the reasons given 
for duplexing; but we may say in conclusion that the process has brought 
about the development of the Bessemer converting plant to a higher state 
of perfection and efficiency, has created a desire for larger and better hot- 
metal cars and mixers, and has aided those practicing it to solve some of 
their problems. Since the process has been practiced in this country for 
seven years only and is still in an imperfect state, it is hoped that some of 
the master minds working on it will succeed in bringing about a more 
perfect stage of development within the near succeeding years, and thus 
another step will have been taken toward the uplift of mankind. 

Discussion 

W. McA. Johnson, New York, N. Y. — On discussing this paper I 
am open to the criticism of bringing coals to Newcastle,’^ as I, a zinc 
man, am bringing new ideas on steel to Pittsburgh. But still the view of 
an outsider can be valuable to the insider. Any multistage process, 
where each apparatus operates on its particular part of the work at a high 
efficiency, constitutes an advance in the state of art. But in multiplic- 
ity there can be complication and ensuing loss and inefficiency. 

The duplex steel process is not the pronounced success which was 
predicted for it by its adherents, for several of such plants have reverted 
to plain open-hearth methods. 

If we regard broadly refining processes, such as the Bessemer, open- 
hearth, puddling, copper refining, lead cupelling, nickel refining, we find 
that in general refining processes are intermittent and concentration 
processes are continuous. (This generalization I believe to be original 
with me; it was communicated to Dr. E. F. Roeber, editor, and appeared 
as an editorial in Metallurgical and Chemical Engineering^ March, 1905.) 

Where we desire primarily quality in a metallurgical operation we must 
put a batch of metal in the furnace, work on it until we get it to the re- 
quired purity, test it, and take it out; whereas, if we desire primarily 
quantity we shove ore into a furnace and smelt it as fast as possible, al- 
lowing conditions to make a non-uniform product provided only we get 
tonnage. 

From general commercial principles, I believe that the weak point of 
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the duplex process is that the operation is not a money maker unless the 
plant is kept at 90 to 95 per cent, of its rated capacity, or unless the 
Bessemerizing is done so often that it is practically continuous. For 
in some manner the operation should be made continuous and the control 
on the tonnage should be commercially flexible. The commercial 
rigidity of having to control purity exactly increases operating costs with- 
out a corresponding gain. Conversely, the chief reason for failure of 
^^steel from ore direct^* is that it makes a final operation continuous, 
which should be naturally intermittent. 

Arthur G. McKee, Cleveland, Ohio. — I would like to ask a couple 
of questions in regard to this paper, and in asking them I appreciate 
the diflSculty that Mr. Furst has encountered in preparing a paper of 
this sort and in getting the information, which really, to my mind, is the 
important information to the owner of a plant for the producing of steel, 
and also to the man who is responsible for the building of such a plant. 

In the first sentence is stated: 

“ The reasons for manufacturing steel by the duplex process are, briefly: saving of 
time; increasing output for capital invested; and avoiding the difficulty sometimes 
experienced in obtaining scrap.’^ 

That is briefly stated, surely, but how effective is such a plant in 
giving the results referred to in that statement? 

At the close of the paper, Mr. Furst remarks: 

“ The benefits derived from the duplex process for making steel have been enu- 
merated in the reasons given for duplexmg; but we may say in conclusion that the proc- 
ess has brought about the development of the Bessemer converting plant to a higher 
state of perfection and efficiency, has created a desire for larger and better hot-metal 
cars and mixers, and has aided those practicing it to solve some of their problems. 
Since the process has been practiced in this country for seven years only and is still 
in an imperfect state, it is hoped that some of the master minds working on it will 
succeed in brmging about a more perfect stage of development within the near succeed- 
ing years, and thus another step will have been taken toward the uplift of mankind.” 

Does the process make, as claimed, a larger tonnage per day, and 
approximately how much? Does it reduce the cost per ton? Does it 
increase the production per dollar of plant investment, and if so, how 
much? And, also, another very pertinent question: How does this 
process affect the quality of the product, if at all? 

Mr. Furst doubtless does not have an opportunity to get these facts, 
but can somebody else enlighten the Institute, so that we can know from 
actual experience in operation what conditions justify the installation of 
the equipment required for the use of this process; what profit and other 
advantages will be obtained; in short, whether it has justified the claims 
made for it. 

Henry D. Hibbard, Plainfield, N. J. — Regarding Mr. Johnson's 
remarks, when you come to make a finished product, such as steel, you 
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want to take a batch of material and keep it in hand until it is in proper 
shape and then cast it. Where you are running for a crude product, as 
in the case of the blast furnace, it is all right to run continuously, but when 
you want a finished product, to try to avoid taking a hatch and keeping it 
under control until it is done, will be a mistake. In the open-hearth 
furnace we take a charge and keep it until it is done; in the Bessemer, we 
have, to some extent, to catch it on the fly; but in each of these cases the 
charge is treated until it is as near as we can get it to what we want when 
it is cast. Ever since the Bessemer process was established, there have 
been proposals to make steel by treating iron with blast as it moved 
forward, and some of the pyrotechnic displays occasioned thereby have 
been very wonderful. Such plans are all failures. Within a few years 
patents have been taken out for processes of that description, but I think 
no progress has been made with any of them. 

As to the output of the duplex process, I think it varies from about 
three open-hearth heats of finished steel to about 20 heats in 24 hr. 
There are furnaces in this country that have produced over 1,000 tons of 
steel a day and have kept it up for a month. On the other hand, three 
open-hearth heats of 50 tons each would give an output of 150 tons a day. 

Beadlet Stoughton, New York, N. Y. — ^As to the question whether 
the duplex process increases the output, it is possible to answer this in 
either of two ways: 

The output of the duplex process, when properly operated, is much 
more than the output of the open-hearth process alone, but is not so great 
as the combined output of the open-hearth process and the Bessemer 
process each working independently of the other. This, however, is 
not the point really involved, because the output of the two processes 
working independently has now no longer the same industrial possibilities, 
because we have not in this country sufficient Bessemer ore to operate 
the Bessemer process economically and up to its capacity. But when the 
two processes work together they can use ores now available in this 
country in very great quantities, which are above the Bessemer limit, and 
can produce a good quality of steel. 

As to the question whether the interest on the investment required 
to install the duplex process is more than compensated for by the in- 
creased profits, we can answer this by inference through our knowledge 
that several companies which are wisely managed, and jvhich years ago 
abandoned the Bessemer process, have recently re-installed converters 
in order to employ them in the duplex process. 

I believe that the duplex process has very decided commercial and 
industrial advantages, and hope that those who are operating it will co- 
operate with this Institute by coming forward and exchanging their 
information with others in order that benefit may be accorded 'to all. 
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Sound Ingots 

BY SIR ROBERT HADFIELD, * F. E S., LONDON, ENGLAND 
(New York Meeting, February, 1914) 

Last year this Institute was good enough to accept some remarks 
by the writer regarding sound steel, entitled Plant for Hadfield Method 
of Producing Sound Steel Ingots, being a continuation of a research in 
which for some time the waiter has been engaged, and full particulars of 
which were submitted in papers entitled A New Method of Revealing 
Segregation in Steel Ingots, and Method of Producing Sound Ingots, 
read before the Iron and Steel Institute in October, 1912. These papers 
gave rise to a very interesting discussion, both in England and America. 

This question is one of vital importance, as unless sound steel in the 
form of ingots is first obtained, sound steel in the finished forms of rail 
billets, rails, bars, sheets, and other forms cannot be expected. The work- 
ing stresses demanded by modern conditions are so great, each year they 
probably approach nearer to the limit of safety, that without doubt 
those who produce steel will be compelled to pay the attention which this 
subject deserves. Moreover, the problem is not an insuperable one, as 
shown by the writer in the papers above referred to. 

In view of the information which has already been presented in these 
papers, it is not now necessary to go into details of the system advocated 
by the writer, except to repeat that the ingots and steel now referred to 
were produced by employing in the first place sound fluid steel, free from 
blowholes, this being poured into ordinary ingot molds, provided with 
the necessary feeding heads, the insulating slag medium, also charcoal 
and air blast or other suitable form of applying heat to the head portion 
of the ingot. The upper or head portion of the ingot is kept fluid by the 
intense heat generated by the air blast and charcoal, so that such fluid 
steel passes into the body of the ingot below the head, thus feeding and 
avoiding the shrinkage or piping which would otherwise occur. The re- 
sult is the production of a sound steel ingot, free from blowholes, segrega- 
tion and piping,^ and in which the waste portion, usually termed the dis- 
card, is but little over 7 or 8 per cent. 

Billets produced from such ingots have shown a salable product of 
about 91 per cent., including the oxidation losses in heating and rolling. 
Plate I shows the details of the products obtained from such an ingot. 
While these results were obtained from a comparatively small ingot, 11 in. 
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Fig. 3. — Billet from bottom portion of Ingot. 
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square, weighing 1,680 lb., the same results have been obtained from 
14, 15, 18, and 20 in. ingots. 

G. Charpy of the Cie. des Forges et Acieries de Chatillon-Commentry 
et Neuves-Maisons, Montlu^on (Allier), also made an ingot weighing 
25 tons under this system, and reported to the writer the following 
results with regard to the system as applied to larger ingots. 

M. Charpy stated that the Hadfield method of feeding the upper por- 
tion of the ingot in the special manner described in the papers mentioned 
above, namely, sand head, air blast, charcoal, and insulating layer of 
slag, appeared to him to constitute a particularly simple and practical 
solution of the problem met with in steel manufacture, and to overcome 
the difficulties met with as regards piping; also to reduce segregation and 
avoid the large percentage of waste material. 

In Plate II, Fig. 1 represents a photograph taken by M. Charpy of the 
upper part of an ingot weighing 25 tons. This ingot has been treated by 
the writer’s method, its composition being: Carbon, 0.40; sulphur, 0.02; 
phosphorus, 0.04; manganese, 0.45 per cent. The material also contained 
a small percentage of nickel. 

Fig. 1 shows the satisfactory nature of the method. The portion of 
the ingot shown in the photograph represents about one-fourth of its 
total length. M. Charpy found that in order to eliminate all faults and 
sponginess in the ingot in question, it was only necessary to cut off about 
12 to 12f in. from the upper part; in other words, about one-twentieth 
of the ingot, as against one-third which is the proportion of discard ordi- 
narily required. The waste and segregated material in this ingot only 
amounted to about 5 per cent, of the total weight. 

Moreover, the analyses taken of the material at different parts of the 
ingot show this is free from segregation. 

Fig. 2 shows the parts from which the analyses given in the table 
were taken. 

Drillings were taken on the center hne at the different parts shown, 
commencing at the top, marked A, also at the other parts as lettered. 
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Fig. 3. — ^Dimensions of 25-ton Ingot. 
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Fig. 3 shows the dimensions of the ingot. 

With reference to the question of soundness of material, it may be 
interesting to point out that in the smaller ingot shown in Plate I, Fig. 1, 
from which the billets were obtained, Figs. 2 and 3, even including the 
sand head portion (termed head or discard in Plate I), the total head or 
discard was only 2 ft. 5 in. in length. By cutting off 1 in. more. Fig. 4 
shows the polished section from the top portion of this billet at the 
part marked A in Fig. 2; then comes the length of 1 in. removed; above 
this is the head or discard mentioned, 2 ft. 5 in. in length. 

Fig. 5 represents the polished section from the top portion of the 
billet at the part marked B in Fig. 2. In other words, Fig. 5 shows the 
last traces of piping near the head, at the part marked B in Fig. 2, while 
Fig. 4, 1 in. further down, shows the complete removal of this piping, 
represented by the polished section from the top portion of the billet at 
the part marked A in Fig. 2. That is to say, the material represented in 
Fig. 4 and that below this represents sound material. 

Fig. 5 also represents the head or discard of this ingot. The ingot as 
cast weighed 1,680 lb.; the discard removed weighed 123 lb., or 7.3 per 
cent, of the total weight of the ingot. The total weight of sound billet 
was 1,513 lb. or 90 per cent. 

In a similar manner, from another ingot there was obtained a sound 
rail having a total length, wholly free from pipe, of 62 ft. 7 in., with a 
discard of only 18 in. of rail, and in addition to this, the ingot head itself, 
representing 7 to 8 per cent, of the weight of the ingot. 

In order to further illustrate this method, Plate III represents four 
ingots, A and C made by the writer^s system, B and D ingots made in the 
ordinary way. Ingot B was cast from slightly rising steel, and ingot D 
from piping steel but not fed. Ingots A and B, also C and D, were cast 
from the same heats respectively. These ingots are also shown in 
vertical position in Plate IV. 

Another illustration is shown in Plates V and VI of ingots made in the 
ordinary way. These represent 18-in. ingots, weighing about 2| tons 
each, cast with the small end up, A being rising or unsound material, and 
B piped material but not fed. 

In comparison are shown Plates VII and VIII, which also represent 
the same sized ingots, namely 18 in., made by the writer’s system, weigh- 
ing about 2f tons each. These are interesting because the ingots were 
cast with the small end up, as in ordinary practice. Plate VII gives an 
excellent view of the cavity produced by the sound steel in these ingots 
as it settles down into the body of the ingot proper, that is below the 
feeding head. As will be seen, by a merely superficial examination of 
such an ingot, occupying but a few seconds, it can be determined whether 
the steel in the ingot itself is sound or not. If the cavity is there, the 
material below in the ingot proper will be perfectly sound and free from 
honeycombs, blowholes, segregation, or piping. 
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A and C, Hadfield system. B and D, ordinary method. 
Plate III.— 15-in. Ingots, weighing about 2 tons each. 
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It will be admitted by any impartial observer that it is, on the other 
hand, quite impossible, by looking at either of the ingots shown in 
Plate V, made in the ordinary manner, that is without the head or 
feeding arrangement, to determine whether these are sound or unsound, 
or the nature of the unsoundness or piping present in them, that is below 
the top of the ingot. In other words, the ingots would have to be sliced 


Plate IV. — Another View op the Ingots shown in Plate III. 


up by machining, and thus spoiled for actual work, before it could be 
decided whether they would give perfectly sound material, whereas in the 
ingots shown in Plate VII, made under the writer’s system, machining or 
other observation carried out by mechanical methods is entirely un- 
necessary, and at least 88 to 90 per cent, of sound usable and salable 
material is obtained. This, too, can be accomplished just as readily and 
easily with 10,000 as with one ingot. 
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Aj Unsound Ingot. B, Piped Ingot. 

Plate V. — ^Ordinaey System 18 -in. Ingots, weighing about 2| tons each. 
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Moreover, while the two ingots shown in Plate IV possess some differ- 
ence, the “rising” ingot, shown by A, is probably the better, because by 
a superficial examination it can be at once determined that such material 
is unsound. While rolling or forging such an ingot may help partly to 



Plate VI. — ^Anothbe View oe the Ingots shown in Plate V. 

dose up not all but some of the blowh|les, yet it is not easy to believe 
such material is as perfect or possesses ihe same mechanical strength as 
that resulting from. an ingot which has been cast from steel containing 
10 blowholes. Imagine such an ingot as represented hj A in Plate V 
leing used to produce, say, a gun forging ! This would not be allowed by 
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Plate VII. — Hadpield System 18-in, Ingots, weighing about 2t tons each. 
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Plate VIII.'— Another View of the Ingots shown in Plate VII. 
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any government inspector the writer has ever met, yet in a rail, upon 
which human life so largely depends, it seems to be taken as a matter 
of course that such a product may' safely pass into service. 

As regards steel of piping nature, but cast without a feeding head, 
such as shown by B in Plate V, this is probably the more dangerous of the 
two types shown in this plate, as in the case of a warm heat the piping 
will descend to a greater depth. While a certain portion of this may be 
got rid of in the discard, this often amounting to a large percentage, yet 
this means great waste. Moreover, and this is still more important to 
be borne in mind by the user of the rail, there are cases showing that below 
the portion where the pipe has been supposed to terminate, this some- 
times breaks out again and is not detected. In other words, a discard 
may be taken and show sound material, yet below this it is easily 
possible to have further dangerous segregation and piping. 

As regards the length of time required for ingots made under the system 
now described to cool down before they can be dealt with, it is estimated 
that probably not more than about 15 min. would be necessary. 

To further differentiate between the various types of ingots as now 
produced and as made by the writer^s system, the reader is referred to 
Plate IX, which gives this in a graphic manner. 

Fig. 1 represents badly rising steel, which is full of blowholes almost 
entirely throughout the mass; the steel rises and shows practically no 
piping. Although in rolling this steel the blowholes are apparently closed 
up, without doubt by a careful examination of its microstructure it 
would be found that the material can never be as strong or as dense as steel 
made sound in the first instance. The product is, moreover, liable to 
segregation in the upper portion. A large discard is necessary, in some 
cases as much as 20 per cent, or more. 

Fig. 2 represents steel which neither rises nor settles. In this steel 
there are fewer blowholes, but the steel is still unsound, with a tendency 
to pipe. This steel contains considerable unsoundness, and owing to 
the tendency to pipe, troubles are liable to occur with segregation and 
piping. Probably at least 15 to 20 per cent, discard is necessary. 

Fig. 3 represents settling steel which is not fed in the upper portion, 
as in the case of those ingots made by the writer^s system. This pipe 
sometimes runs half the length of the ingot. Moreover, such material 
has sometimes a tendency to appear sound, then below this to break out 
again into piping. While this steel is free from blowholes, material of 
LUirure is obtained, owing to its badly piped condition. It is 
probably this kind of steel which gives the dangerous rails below those 
made from what are known as the upper or A and B portions of the 
ingot. In other words, it is quite possible piped or unsound C rails may 
*be obtained from such ingots. 

Fig. 4 represents an ingot made under the writer’s system. The steel 
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used in the first place is perfectly sound and free from blowholes. The 
feeding arrangement enables from 88 to 90 per cent, of the total weight 
of ingot to be safely used. In some cases, no less than 93 per cent, of 
sound billets have been obtained from ingots made in this manner; that 
is, 93 per cent, of the material showed neither blowholes, piping, segrega- 
tion, nor other defects. 

With reference to the cavities or hollow portions in the heads of the 
ingots made by the writer’s system, in view of the extraordinarily large 
nature of these cavities, the writer decided to make the following experi- 
ment with a view to determine the exact value of the settling of the steel 
from the head above the ingot into the ingot itself. He believes that such 
a method of testing ingots has not before been carried out. It will be 
understood this has only been- made for experimental purposes, because 
by an examination from the top^of the ingot, occupying only a few seconds, 
it can be easily determined whether the ingots when produced in course 
of manufacture, whether in small or large quantities, possess the neces- 
sary soundness. If the steel was not sound there would be no cavity, so 
that the quality of the steel is self-apparent. 

Nine 15-in. ingots were taken (weighing about 3,600 lb. each) as they 
came through, each of which had the sand head and the writer’s improved 
method of feeding carried out on them. After the ingots had cooled 
down, the hollows or cavities in the sand heads were filled with water, 
then the water poured out and carefully measured. Table I shows the 
results obtained. 


Table I 


Ingot Number 

Cubic Inches 

Pounds of Steel 

Percentage of Weight 
of Ingot. 

1 

457 

128 

3.57 

2 

549 

154 

4 30 

3 

457 

128 

3.57 

4 

457 

128 

3.57 

5 

472 

132 

3 68 

6 

488 

137 

3.82 

7 

518 

145 

4 05 

8 

579 

162 

4.52 

9 

488 

137 

3 82 

Average 

496 

139 

3.88 

Maximum 

679 

162 

4 52 

Minimum 

457 

128 

3.57 


Weight of ingot, 3,600 lb. 



The average weight for the nine 15-in. ingots showed that 139 lb., 
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with a minimum of 128 lb. and a maximum of 162 lb., passed from the 
head portion into the ingot itself. This percentage is represented by an 
average figure of 3.88 per cent. In other words, about 4 per cent., or 
140 lb., of the total weight of the ingot or ingots cast passed from the 
upper or feeding head into the body of the ingot. 

There could not be a more striking illustration of the quality of the 
ingots produced and of the value of this system. Even in the case of the 
minimum percentage weight of steel which passed from the head of the 
ingot itself, there is a weight of no less than 128 lb. of steel short in the 
head, and therefore present in the ingot itself, all adding to the soundness 
and proper feeding of the piping which would otherwise occur. 

To show still more clearly the important information obtained from 
these experiments, let it be assumed that the cubic capacity of each of 
the 15-in. ingots in question was approximately 12,500 cu. in. There- 
fore, but for this feeding, there would be a general want of solidity, chiefly 
at the upper portion of the ingot, to the extent of say 500 cu. in., say 4 
per cent, of the whole capacity. It is surely readily apparent why an 
ingot which is not fed must perforce be deficient in homogeneity. 

It is not claimed that ingots made in the ordinary manner are deficient 
to the full extent of say 4 per cent. There is a feeding effect from the 
steel in the upper portion of the ingot, but it cannot be done efficiently, 
as the steel quickly freezes on the outside of the mold and on the surface 
of the liquid steel exposed to the air. Moreover, there is always an un- 
certainty as to how good or how bad is the resulting material. If the 
steel is piping very much, the trouble will be worse than when it is piping 
less. In any case, as the steel solidifies in an ingot of this size, the natural 
law of contraction demands that about 500 cu. in. has to be dealt with. 
The writer cannot see how this can be efficiently and cheaply met except 
by some such method as described in this paper. 

While the results necessarily vary slightly, because the sizes of the 
head portion nearest the top of the mold formed in sand are not always 
uniform in length, as the steel shrinks down slightly more on the outside 
in some cases than others, on the whole the maximum and minimum 
figures of ^ and 3 J per cent, of the total weight of the ingot having passed 
from the head into the ingot itself, show very uniform working; if the 
heads were absolutely the same depth in each case, there would be practi- 
cally no difference. 

Without wishing to exaggerate, it is easy to picture to oneself what 
would be the character of each of these ingots if not made and treated 
under the method now described. The piping would have prob- 
ably run down the ingot itself, requiring a discard of probably 25 to 33 
per cent. 

Although water cannot be poured into the cavity of a red-hot ingot, 
yet the cavity can be determined in each ingot by a cursory examination 
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while at a red or yellow heat, involving only a few seconds of time. It 
will therefore be seen that every ingot can be readily checked by such 
cursory examination. 

While in ingots made in the ordinary way as above mentioned a 
certain amount of the fluid steel passes from the upper portion to the 
lower, still in so doing it is robbing the quality of the upper portion of the 
ingot itself, which has no fluid metal above it to feed or take the place 
and supply the deficiency thus created. It will readily be understood 
therefore why the upper portion of ingots is so seriously affected as 
regards their soundness, also why segregation occurs. The occurrence 
of these defects varies according to the tjrpe of steel, whether rising, 
semi-rising, or settling nature, as shown by Plate IX. 

Again referring to this question of the cavities, if, as proved by these 
experiments, in the ingots made under the writer’s system the metal in 
the sand head portion in descending has without doubt filled or prevented 
the formation of what would otherwise have been unsoundness, piping, 
loose structure, or segregated material, in unfed ingots made in the 
ordinary way there must be steel of loose structure; if not, then in many 
cases absolute unsoundness and segregation. 

Moreover, and this is a most important point, the steel in the “fed” 
ingots being maintained fluid in the head portion, continues to exert its 
ferro-static pressure, whereas with ingots made in the ordinary way the 
ferro-static pressure on the center portion of the ingot is so slight that it 
produces very little beneficial effect. Further, without the feeding head 
above the ingot proper, the outside of the ingot in the ordinary ingot mold 
becomes rapidly chilled and frozen, so that it cannot contribute its proper 
share to the feeding of the remaining portion of the ingot. It is not 
therefore to be wondered at that rails rolled from the A and B portions of 
an ingot made in the ordinary way are liable to unsoundness or piping or 
both, and are also often full of impure segregated material. 

There would probably be more dangerous ingots but for the fact 
that the steel maker tries to avoid this type of steel, and aims to make 
steel which when poured into the ingot will not pipe. Nevertheless, 
he is still fighting against a natural law. If piping steel is cheeked or 
avoided, he runs the risk of producing unsound steel, especially in the 
upper portion of the ingot, more or less permeated with blowholes. 
Thus, owing to lack of feeding from the upper portion, the center, or 
that portion on the axis line of the ingot, must be of inferior nature, as 
the piping characteristics persist for quite a long way down the ingot. 
This, as before mentioned, is for the reason- that owing to want of ferro- 
static pressure, the ingot lacks feeding from above, which in the system 
of casting ingots now described is maintained to a very late stage; that 
is, until or close upon actual solidification takes place. There is always 
fluid steel in the upper portion of the ingot to feed the piping and shrink- 
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age, both of which must occur, as they follow a natural law. This, too, 
is the reason why there is so little segregation in ingots made under the 
writer^s system, and also explains why the ferro-static pressure is kept up 
to a very late stage. In fact, check or hinder ferro-static pressure, and 
segregation with its bad effects at once commences. In the case of fed 
ingots, the smaller amount of segregation which occurs takes place out- 
side the ingot proper, that is in the head. This is well illustrated by the 
results shown in Figs. 4 and 5 of Plate I. 

With steel of piping nature poured into the ingot molds and not fed, 
it need cause no astonishment to find that rails, even from C and D 
portions of the ingots, may be of material with loose structure, conse- 
quently weak if not actually unsound, thus giving inferior or bad results 
in service. This is shown by Fig. 3 in Plate I, which shows that with 
piping steel not properly fed, there is extreme danger of this pipe extend- 
ing a long way down the ingot; in fact, in some cases it has been found to 
go as much as two-thirds the length of the ingot. Ingots have also been 
found in which the piping has apparently stopped, only to be resumed 
below the sounder steel. 

The experiment carried out by the writer some years ago, by the 
pouring of copper into the upper portion of an ingot 15 or 20 min. after 
casting, showed how serious is this want of ferro-static pressure in the 
material situated on or near the center or axis line of the ingot in ingots 
which have not been properly fed. The copper finds its way down to 
the bottom of the ingot, although added 15 min. after casting. In any 
case, if there is no definite pipe at the bottom portion of such ingot, 
there is still material of loose or open structure, which means weak steel. 
Although this may not be apparent by fracture to the naked eye, never- 
theless it exists and can generally be detected by an examination of the 
microstructure. In other words, notwithstanding that the product to be 
used may come from the lower half of the ingot, yet in unfed ingots it 
will be weak and not able to stand severe stresses. This is probably the 
real explanation of the serious breakages which sometimes occur in even 
C and D rails. Imperfect material is present; only time and sufficient 
working stresses are wanted to develop its existence and weakness. 

It is true that some portions of the cavities in ingots have been meas- 
ured, but probably not in the manner described by the writer. 

Although in the examination of the top of an ingot cast in the ordinary 
manner and from steel which ^'settles,” there is external evidence of some 
piping, this is irregular and varies considerably. Therefore, in the ''best’' 
ordinary ingot proper evidence is slight as to how much or how little the 
steel has piped. Dr. Dudley has pointed out in his interesting paper 
bo the Institute on Piping and Segregation of Ingots of Steel and Duc- 
tility-Tests for Open-Hearth Steel Rails, read in February, 1913, that 
in suchjngots the piping is divided into two kinds, the i^per, or what 
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may be termed the visible pipe, and the lower, or hidden pipe, the extent 
and character of which can only be determined by cutting open the ingot. 
In the ingots cast under the writer’s system, all the cavity or pipe is open 
and can readily be inspected from the top; its extent can be determined 
whether in the hot or cold condition. It is therefore not necessary to 
cut open the ingot. In other words, such cavity produced by the piping 
is “the outward and visible sign of an inward and spiritual grace” — 
“spiritual grace” in this case meaning “soundness.” 

Figs. 1 and 2, Plate X, further explain this. 

Fig. 1 represents an 18-in. ingot made on the writer’s system, and as 
shown in Plate VII already referred to. All the cavity produced by the 
piping is easily visible and measurable from the top. If the ingot is 
allowed to go cold, the cavity can be measured and its cubic contents 
ascertained by filling such cavity with water, then pouring this out and 
taking its volume. If desired, the same object could probably be accom- 
plished while the ingot was hot, in that case using a metal of suitable 
melting point. Such an ingot possesses no upper or lower cavity, it is 
aU in one. The full characteristics of the ingot in this respect, and 
whether hot or cold, are known and determined by such cavity. 

Fig. 2 shows the section of an ordinary 21-in. ingot made from steel 
which is of piping nature. It will be seen that there are two separate 
cavities, an upper and a lower one. While the former can be measured, 
the information obtained would not be of much practical value. As 
regards the latter, it is, so to speak, covered by a metallic diaphragm and 
cannot be measured except by cutting or machining open the ingot when 
cold. Moreover, it will be seen that the center portion of the ingot, that 
is the metal over and siurrounding the central vertical or axis line of the 
ingot, is not sound for quite a long way down. Below where it appears 
to be quite soqnd to the eye there are still segregation results to be dealt 
with. In other words, a considerable portion of this ingot must be 
“discarded” or “cropped,” either in the ingot itself or the rail produced 
therefrom, before a sound, safe rail can be obtained, that is, one which is 
perfectly sound not merely to the naked eye when examining a fracture 
of the ingot or the rail from such ingot, but is so when its microstructure 
is examined, or sulphur prints or etchings are taken. 

This real and true soundness is obtained in ingots made under the 
writer’s system; that is, almost immediately under the cavity, and after a 
discard or crop has been taken of even as low as 7 per cent, in some cases, 
and certainly with 8 to 10 per cent. Therefore, such products as billets, 
bars, rails, sheets, etc., produced therefrom are practically sound at any 
portion of their mass. 

This would appear to be a considerable advance as compared with 
ordinary practice, and even as compared with ordinary ingots of a char- 



In tlie case of this ingot, all the metal is While the metal is sound below the line 

sound and free from piping and segrega- C-D, there are still segregation effects 

tion below the line A“B, probably several inches further down. 

Fig. 1.— Length op Sound Ingot Fig. 2 — ^Length op Sound Ingot 
Propeb, 60 In. Proper, 52 In. 


Plate X 
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acter such as above referred to, which in themselves are certainly superior 
to many ordinary ingots made. 

The ingot in Fig. 1, representing an ingot made under the writer’s 
system, shows no unsound portion, that is to say, blowholes are entirely 
absent. About in. from the top of such ingot, segregation has disap- 
peared. Similar comparison with Fig. 2, representing what may be 
termed a high-class ordinary ingot, shows that at a point no less than 
18 in. from the top there is still unsoundness. Moreover, below even the 
sound portion, there is segregated material which must be discarded before 
safe and sound structural steel can be obtained. It will be seen the dis- 
card of the former must be far lower, yet better and more sound material 
is produced. 

The writer is aware that the above comparison is made between an 
ingot prepared under his system and an ordinary ingot which has been 
allowed to become cold. As Dr. Dudley has pointed out, there is consid- 
erable improvement in such ingots by handling them quickly while very hot. 
There is no doubt this is quite correct; yet in ingots cast under the writer’s 
system, which can also be handled while very hot, it is difficult to see how 
an improvement can be effected in ingots which are already practically 
perfect. 

At any rate, there certainly could not be a reduction in quality. In 
other words, if there was any difference in ingots made under the writer’s 
system, the difference between “hot and cold” ingots would be in a favor- 
able direction. The writer, however, thinks that these differences, that 
is, between the same ingots hot and cold, whether as regards the ordinary 
or the ingots made under his system, can hardly be very considerable, for 
after molten steel has once passed into the “solidus” as compared with 
the “liquidus” condition, there can surely only then be the ordinary con- 
traction changes, or what may be termed “linear” ‘contractions. These 
do not materially affect the volume of the cavity or the unsoundness, 
which if they exist remain practically as they are when the steel congeals 
into the “sohdus” condition. 

In view of the greatly increased service now met with on railroads in 
nearly all countries, resulting from heavier and more trains, higher speeds, 
whether freight or passenger, it will be seen that, in the nature of things, 
rails and similar products must be made from sound steel and from ingots 
each of which must be known to be as perfect as human ingenuity can 
accomplish. If this and other papers on the subject help to bring us 
nearer the goal and also help to remove what would appear to be a slur 
upon the metallurgist, then the labor involved in the many researches 
being carried out in this country and elsewhere will be well repaid. 
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Rolled Steel Roll Shells 

BY JAMES C. H. FERGTTSON, SAN FRANCISCO, CAL. 

(Pittaburgh Meeting, October, 1914) 

The fact that little if an3rthing has appeared in the technical press or 
in the Transactions of the Institute on the subject of roll shells proper, 
used in various grinding appliances such as Cornish rolls or Chilean mills, 
may be taken as an incentive, if not an excuse, for the present article. 
No attempt is made to enter into a discussion as to the theory or mathe- 
matics of crushing as performed by rolls, the subject being treated in a 
general way with respect to the manufacture of roll shells and some 
salient points touching on their adaptability and wear in service. 

While it stands to reason that skill coupled with judgment in the 
mechanical design of rolls, Chilean mills or other types of grinding 
machinery, with special reference to strength of parts, nicety of adjust- 
ment and other mechanical features, stand for efficiency in their operation 
and satisfaction in service, the exceedingly important item of roll shells 
or other wearing parts entering into their construction should not be 
lost sight of. In other words, a well-designed piece of grinding machinery 
is just as inefficient in service, when equipped with poor roll shells or 
shells made of the wrong or an inferior grade of metal, as good roll shells 
made according to the best practice the steel maker knows, working on 
an old or antiquated set of rolls. 

Unfortunately there is a tendency occasionally for the machinery 
builder to blame the steel maker or vice versa if roll shells do not wear 
well or evenly, or if they break before being worn down to their ultimate 
thin point. There is no occasion for this attitude, as the product of each 
must stand on its own merits. But it is essential that the two work 
in harmony since the machinery builder usually does not furnish the shells 
for his rolls or grinding mills, but depends on the steel maker, who makes 
a specialty of this rolled product, to give the particular needed element 
of efficiency to his machine. 


History 

Without going into an elaborate history of the subject, the follow- 
ing may be mentioned treating on the evolution of roll shells. During 
the early days of mining-machinery construction, cast iron was used 
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for practically all such grinding devices as those under consideration, 
usually some good mixture of gray iron being the most suitable for wear- 
ing qualities. Sometimes, though not often, shells or muller rings, 
chilled to a depth of from ^ to 1 in. through the face, were used. 

But it soon became apparent that cast iron, no matter how well 
selected as to grade or mixture, or how carefully molded or chilled as to 
physical appearance, was not a suitable material to use for grinding rings 
or dies, since, for the proper performance of their work, absolute homo- 
geneity and freedom from blow-holes or other imperfections are highly 
important. Steel, that is cast steel, therefore, was next and most 
logically considered as being more suitable to fulfill the desiderata just 
mentioned. Although it was more expensive than cast iron, it was harder 
and tougher, and of infinitely better wearing quality. But even cast 
steel failed to give satisfaction particularly on the high-speed rolls of 
narrow face and large diameters designed by the leading manufacturers 
during the past two decades. It was for that reason that the steel maker 
soon recognized the importance of meeting the situation and has during 
the period mentioned evolved the rolled-steel roll shell. This was a 
natural evolution, and during the past 10 years practically no other 
material has been used except for some small or slow-running mills where 
the expense of steel shells was not warranted. 

Therefore, it is with steel roll shells only that the steel maker is 
concerned when he furnishes either the machinery builder or the mill 
operator these wearing parts, and for a better understanding of the 
subject a few words regarding their chemical and physical requirements 
may not be amiss, before entering upon a consideration of their 
manufacture. 


Chemical and Physical Requirements 

While as mentioned above the application of steel shells as wearing 
parts in the various types of grinding mills was comparatively new, the 
purely mechanical features of their manufacture was easily accomplished 
by the use of tire-rolling mills which for many years previous had been 
used for making locomotive driving-wheel and car-wheel tires. The 
mechanical manipulation being practically identical, it only required that 
the steel maker select the proper grade and composition of steel for the 
roll shell, not too hard, for danger of breaking, nor too soft, for fear of 
wearing out too fast. Of course it required much experimenting and 
many years’ experience to attain the desired results. 

With reference to the average chemical and physical properties 
entering into the manufacture of roll shells, the foEowing may be given 
as forming the best practice by American steel makers: 
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Chemical Properties Per cent. 

Carbon 0 65 to 0 80 

Phosphorus, not to exceed 0 05 

Sulphur, not to exceed 0.04 

Manganese 0 60 to 0.85 

Silicon 0.15 to 0.30 


The above are the average ranges used. Shells which have given 
good satisfaction in actual operation had the following analyses in the 
heats from which they were produced: 



Per cent. 

Per cent. 

Per cent. 

Carbon 

0.70 

0 73 

0 78 

Phosphorus 

0.035 

0.029 

0.015 

Sulphur 

0 022 

0 018 

0.028 

Manganese 

0.741 

0.786 

0 746 

Silicon 

0 253 

0.252 

0 258 


These results show that the shells run very uniform in composition. 

Physical Properties 

Tensile strength, pounds 125,000 

Elastic limit, pounds 72,000 

Extension, per cent 10 

Contraction of area, per cent 16 

The above physical properties are given as being of general interest 
but they should not be taken as having any particular bearing on the 
successful working of roll shells, as they do not in any way exhibit the 
qualities of the metal in its resistance to abrasive wear. After all, 
what is desired, as previously stated, is a shell of a metal hard enough 
so as not to wear out too quickly and yet not so hard as to break before 
wearing out. 

Manufacture 

Briefly, the process of manufacture of roll shells is this: A long 
cylindrical steel ingot is cast by pouring molten metal into a cast-iron 
mold as illustrated m Pig. 1. These ingots are about 7 ft. high and the 
circumferential measmement of the ingot varies according to the size of 
the roll shell desired. When the metal is cold the molds are stripped 
Prom the ingots, which are then sliced cold in a lathe into a number of 
sections called billets (Pigs. 2 and 3), each piece resembling a large cheese. 
Sometimes the ingots are sliced or cut into billets while hot, but of course 
cold slicing is a vastly superior method as it gives an opportunity to make 
i thorough examination of the center of the billet. 

The top portion of these ingots, in which the segregation of impurities 
credominates, is discarded, and only those portions used which are free 
rom impurities. It is a well-known fact that there is a tendency in all 
castings while cooling for slaggy materials and impurities to segregate 
ind form toward the center, where the shrinkage produces a pipe or a vigl 
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opening. The aim, therefore, in the manufacture of good roll shells must 
be to retain only those portions of the ingot which are on or near the 
outer circumference, which having cooled the most rapidly necessarily 
have the most uniform fiber texture and are the freest from impurities. 

In order to illustrate the practice of slicing these ingots with regard to 
discarding the top section, reference is made to Fig. 4, which illustrates a 
segregation of impurities and defects due to the shrinkage of the metal and 
shows that when cooling, these impurities concentrate at the center and 
near the top of the ingot. It conclusively shows the necessity of making 



Fig. 1. — Molds fob Casting Steel Ingots fob Roll-Shell Manufacttjeb. 


a proper discard from any steel castings, in order to insure against 
troubles due to impurities. 

These billets after being sliced, although not of the proper dimensions, 
actually represent the weight of the finished product desired, plus the 
proper allowance for loss in heating, forging and rolling, and for machining 
afterward if the shell calls for machine work. The billet is heated and 
forged out roughly and flattened under a steam hammer to the ap- 
proximate diameter and face desired. A hole is punched through the 
center in the same operation and then, at the same heat, “beaked” on 
the horn of the anvil; this means hammering the rough ring thrown over 
the horn, producing an increase of the outside and inside diameters, and 
giving the ring the proper ratio, roughly, of diameter to face required. 
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These rough rings, after being thus forged, are again, placed in a heating 
furnace and the temperature raised to the proper degree for rolling. 

A modification of this hammering process of the billets, is used by one 
of the manufacturers who has the most recent and up-to-date plant, and 
who, after heating the billet to the required temperature, works it down 



Figs. 2 and 3. — Steel Ingots Cut into Billets. 


under a 5,000-ton hydraulic press, which gives the metal a good reduction. 
During this pressing, which is done in three operations, the billet is 
flattened, a hole is punched in the center, and the rough ring prepared 
for the rolls, similarly, but unquestionably more thoroughly, than by 
hammering the billet. 

The rolling out of the shells to the desired size is done on a tire mill, 
where they are revolved through pressure rollers, either in a horizontal or 
vertical plane. During jthis operation all faces of the shell aresubjected 
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to a very high hydraulic roll pressure, which insures a thorough reduction 
of the metal, giving it the necessary work to develop an ideal structure for 
the severe service to which roll shells are usually subjected in actual use. 
In this rolling the inside and outside faces and the two sides of the shell 
are engaged at the same time, thereby increasing the diameter of the shell 
by squeezing out and lengthening its circumference until the desired 
size is obtained, both as regards diameter and face. 

As stated before, this rolling is done on the same mills used for rolling 
locomotive driving-wheel tires or car-wheel ^tires. This method has now 


Long Ingot-Bottom Cast; upper portion 
discarded ; other portions used 



4. — Diagram Showing Relation of Finished Roll Shell with Reference 
TO Center Line of Ingot. 

eached a very high degree of efficiency and in a number of cases shells are 
)ut into service just as they come from these roils, the outside diameter, 
ogether with such tolerances as may be permissible, being so close as to 
equire no further machining on the face. This leaves a hard skin due to 
he quicker chilling of the metal on the periphery, which is very useful in 
grinding and enhances the life of the shell considerably. The inside of 
he shell is left rough if it is to be secured to the center of the rolls by 
v'ooden wedges for wet grinding. If the' bore of the ring is to be 
aachined either straight or tapering, proper allowance is left for that 
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Fig. 6. — Single-taper Bore. 



Fig. 5.—Straight Bore. Fig. 7. — Double-Taper Bore. 



Fig. 8 . — Kecbssbl for Draw Bolts. Fig. 9.~~Spegial Bore. 

Figs. 5 to 9. — ^Prevailing Ttpes of Bores of Boll Shells. 
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purpose on the inside, but the outside or wearing face of ring, being fin- 
ished practically smooth by the rolling operations, should preferably be 
left in that condition, by reason of the advantage mentioned above. 

Figs, 5 to 9 illustrate some of the prevailing types of bores of shells 
as used in rolls manufactured by the principal mining-machinery builders 
in the United States and are usually designated as follows: Fig. 5, 
Straight bore; Fig. 6, Single-taper bore; Fig. 7, Double-taper bore; 
Fig. 8, Recessed for draw bolts; Fig. 9, Special bore. 

With regard to the rolling of shells, there would seem to be a limit 
of efficiency governed by the width and thickness of shells. Manifestly 
a mass of metal thicker than 5 in. cannot be sufficiently worked by the 
pressure of rolls, unless the rolls can be made very much more powerful 
than those in use at present, particularly when the combination of rolling 
and pressing naturally has its relative limits. Then again, the width, 
regardless of thickness, would have its limit at about 15 or 16 in., because 
a very wide mass, even thinner than 5 in., would experience the same 
difficulty in being thoroughly worked. It may therefore be assumed 
that shells over 6 in. thickness and wider than 16 in. cannot be rolled 
advantageously in a tire mill and produce homogeneous and dense 
metal, which will give good service and wear. 

The following gives the limits of sizes for rolling as used in the 
practice of one of the largest tire manufacturers in the United States: 
Roll shells 8 to 10 in. wide, 108 in. outside diameter by 3 in. thick; 
over Ip to 16 in., or under, 68 in. outside diameter by 3 in. thick. 

Shells over 16 in. wide and thicker than 5 in. and weighing say 5,000 
lb., or over, are produced to the best advantage under a hydraulic forging 
press of adequate power, as a strictly forged, instead of a rolled product. 
Sufficient stress cannot be laid upon the necessity of thoroughly working 
the metal in these forgings all the way to the center by the use of 
machinery of this kind, which is sufficiently heavy and powerful to 
perform the necessary forging operation and is better able to do so 
than rolls. The writer is convinced that most of the cases of uneven 
wear in roll shells of extreme widths, where not due to improper setting or 
improper mill feeding, or both, is largely owing to the fact that the metal is 
not of uniform density, resulting from being worked in a tire mill, which 
was too light for the heavy and thick section passing through the rolls. 

Life of Shells 

The limits of this article do not permit as exhaustive a treatment 
of this sub-heading as the writer would like to submit, based on data 
gathered during the past 13 years in furnishing the mining public in the 
West with steel roll shells and material of kindred nature, but for the sake 
of generality as well as brevity the followring examples taken from users 
of roll shells in the widely separated States of Montana, Colorado, 
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Sonora, Arizona and Utah ■will illustrate what may be considered good 
average records of the life of steel roll shells and Chilean mill wearing 
parts. 

Mill No. 1 (Montana ). — The mills used were 6-ft. Evans-Waddell 
and 6-ft. Monadnock type, being fed by revolving distributors in the 
center. The ore crushed was very hard with about 65 per cent, silica. 
The size of feed was 3 mm. and discharge, 16 mm. The rate of crushing 
was 80 tons per 24 hr. or 2,400 tons per month. The life of the tires was 
4 months per set of three, running continuously; the life of dies, 2 months, 
running continuously. The amount of rock crushed per pound of steel 
consumed was 1.06 tons. 

Mill No. 2 (Colorado).— At this plant, 6-ft. Evans-Waddell mills, fed 
by revolving distributors at the center, were used. Roasted ore, assay- 
ing 60 per cent, silica, was fed, sized as follows: On 5/32, 4 per cent.; on 
10 mesh, 15; on 16 mesh, 16; on 20 mesh, 7; on 30 mesh, 11; and through 
30 mesh, 47 per cent. The discharge gave the following screen analysis: 
On 30 mesh, 1 per cent.; on 40 mesh, 13; on 60 mesh, 20; on 80 mesh, 12; 
on 100 mesh, 17; on 150 mesh, 7; and through 150 mesh 30 per cent. 
Crushing was at the rate of 173 tons per 24 hr. The average life of tires 
and dies determined by life of dies was: Steel maker No. 1, 183.3 days; 
steel maker No. 2, 164.2 days. The average tonnage crushed per set: 
Steel maker No. 1, 31,711 tons; steel maker No. 2, 28,407 tons. The 
average weight of shell, 1,488, set (3), 4,464 lb.; of die, 3,029 lb.; total, 
7,493 lb. The number of tons crushed per pound of steel consumed was: 
No. 1, 4.25 and No. 2, 3.8, which gives the number of pounds of steel con- 
sumed per ton of ore crushed as follows: No. 1, 0.236 and No. 2, 0.264 
Ib. The average weight of scrap per set was 1,640 lb. 


Mill No. 3 (Sonora) 


Dept. 

1 

No. of 
Pieces 1 

i 

; [ 

Diameter, Face, ' 
Inches Inches 

1 1 

Weight 
per Set, 
Pounds 

Life.j 

Daysj 

Tons Ore 
Crushed 

Pounds 
Steel per 
Ton Ore 

Size 

Feed 

Size 

Dis- 

charge 


A 

10 

36 

16 

13,616 

270 

308,000 

0 044 

IJ in. 

1 in. 

Roll shells 

B 

4 

36 

16 

5,444 

135 

81,000 

0 067 

1 in 

1 in. 


Roll shells 

1 

S 

27 

14 

7,256 

80 

118,400 

0 061 

A in 

2 mm. 


Roll shells 


3 , 

2 

54 

70 


7,892 

182 

35,100 

0.224 



1 

Tires and 
die 6 ft 












null. 


5 j 

60 and 44 

7 

6,502 

425 

21,625 

0 304 

i in. 

li mm. 

Tires and 












die 5 ft. 
mill. 

C 

4 1 

36 

16 

5,444 

195 

25,798 

0.210 

1 in. 

tin. 

1 


Roll shells 
Die rings. 


2 1 

60 

?} 

6,502 

240 

69,960 

0.093 

i in. 

i 


Bryan mill 
tires. 


3 

44 

1 
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Mill No. 4: (Arizona) 

Data on shells from two sets of 64 by 24 in. rolls (dry crushing) , One shell, 64 
by 24 in. (in two pieces. 64 by 12 in.). 


Outside diameter, inches 

54 

Inside diameter, inches 

43i 

Original thickness, inches . . . , 

Ultimate thickness, inches 

5* 

1 

Wear, inches . . . 

. . . . 

Original weight (two pieces), pounds. 

6,408 

Scrap weight (two pieces) , pounds 

. . 1,130 

Loss, pounds 

4,278 

Tons through crusher . . 

. 1,266,000 

Tons crushed each set of rolls. . 

(Feed, 3 in. size; product, 1 in. size ) 

. 538,000 

Loss of steel per ton crushed, pounds 

. 0.0159 


Note . — These shells were never taken out of the machines since started. They were 
not entirely worn out but had been in use 2§ years. During that time they were 
trued up occasionally in the machine by attaching a lathe tool holder to the main frame 
and then turning the rolls backward by a back-geared electric outfit through the 
medium of the regular roll belts. 

During the period that the two sets of rolls were in use they crushed 1,076,000 
tons of ore from 3 in. size, which had been produced by a No. 8 McCuUy crusher 
(with the fines screened out en route to the rolls), to a product approximating 1 in. size. 
Approximately 26 per cent, of the crusher product was taken out by the screens ahead 
of the rolls. 


Mill No. 5 (Utah) 


Record of Roll Shells in use at Sample Milb June. 1914 


Section 

Number 

Roll Size 
Inches 

Thick- 
ness of 
Shell, 
Inches 

Date 

Installed 

Date 

Replaced 

Period of 
Service. 
Mo. Dys 

Esti- 

mated 

Ton- 

nage 

Size of 
Crush- 
ing, 
Inches 

Cause for 
Change 

1 

42 by 15 

5 

8-1-12 

2- 9-13 

6 8 

64,000 


Surface corrugated 

1 

42 by 15 

3i 

2- 9-13 

6- 8-13 

4 

38,000 

h 

Surface corrugated 

1 

42 by 16 


6- 8-13 

H- 6-13 1 

5 

36,000 

i 

Surface corrugated 

1 

42 by 15 

H 

11- 6-13 

4-27-14 

5 21 

60,000 

4 

Worn out 

1 

64 by 24 

5 

8-28-13 

Still on 



96,000 

i 


2 

42 by 15 

H 

2- 3-13 

5- 1-13 

3 

27,000 

4 

Surface corrugated 

2 

42 by 16 

5 

6- 1-13 

9-27-13 

4 26 

40,000 

4 

Surface corrugated 

2 

42 by 15 

3i 

9-27-13 

12-26-13 

3 

24,000 

4 

Slipped off. 

2 

42 by 16 

3| 

12-26-13 

Still on 


68,000 

1 


2 

54 by 24 

6 

1 6-28-13 

Still on 

I 


116,000 

i 



Material in 42 by 16 in. shells is rolled tire steel, the 64 by 24 in. shells are forged throughout. 
Four sets of rolls are provided for two machines, and as a different set of shells is placed in machine 
at each replacement it is not possible to secure tonnage figures for the entire life of any one set of shells. 

Lead ores, Hmerook. slag, iron ore, etc. through No. 1 section from 40 per cent, of the total tonnage 
through the mill. 

Copper ores, the greater percentage of lead matte, lining ores, etc., go through No. 2 seoiaon, forming 
60 per cent, of the total crushed. 
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Fig. 10. — Roll Shells, 30 in. Diameter by 14 in. Face, 3| in. Thick, New; and 
Shells Worn Down to about | to i in. Thick. Original Weight, 1,200 lb.; 
Scrap Weight (about), 75 lb. 











Fig. 11.— ^HiLi^N Mill Tires, 55 in. Diameter by 8 in. Face, 4i in Thick 
New; and Tire Worn Through. The Half Round Shaped Piece was Pulled 
IOO^lT i'kom A Circle. Original Weight, 1,450 lb.; Scrap Weight (about), 
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Figs. 10 and 11 are excellent examples of how thin shells should wear 
in actual operating practice in order to be considered as most efficient 
and satisfactory. Fig. 10 shows the standard type of straight-bore 
Cornish roll shell, in this case 30 in. diameter by 14 in. face, worn down 
to its minimum point. Fig. 11 illustrates rolled tires used on one of the 
best types of Chilean mills, also worn down so thin that the half-round or 
crescent-shaped piece shown was pulled out by hand from its circular 
shape. Both these examples are ocular demonstrations and would prove, 
more than any amount of elaborate tests or record keeping, that the 
material of which these particular shells and tires was made, was homo- 
geneous and durable as well as tough, the latter being indicated by its 
strength and resistance to breaking, even when worn to the thin section 
shown. 

The tabulated list of weights compiled by the writer, for the various 
sizes of roll shells given below, may be of interest in a general way in con- 
nection with this article. 

Weights of Rolled-Steel Shells 


(Straight Bore) 



Diameter 

in 

Inches 

Face 

d-in., 

Pounds 

8-in , 
Pounds 

10-in , 
Pounds 

12-in , 
Pounds 

14-m , 
Pounds 

16-m , 
Pounds 

16-in , 
Pounds 

i 

18-in, 

Pounds 

in. 

12 

126 

168 

210 

252 





thick 

18 

206 

270 

335 

410 






20 

230 

300 

375 

460 

630 

, 675 


• • • • • • 


24 

285 

380 

475 

670 

780 

840 




26 

310 

415 

520 

730 

860 

915 

975 



27 

325 

435 

640 

760 

890 

1,135 

1,300 



SO 

430 

576 

715 

860 ' 

1,005 

1,375 

1,465 

1,660 

3 in. thick 

36 

525 j 

700 

870 

1,050 

1,226 

1,690 

1,805 

2,030 


40 

590 

785 

980 

1,180 

1,375 

2,000 

2,030 

2,285 

4 in. thick 

42 

805 

1,070 

1,340 

1,610 

1,880 

2,015 

2,146 

2,415 


44 

850 

1,130 

1,415 

1,700 

1,986 

2,126 

2,270 

2,650 


48 

930 

1,240 

1,650 

1,860 

2,190 

2,345 

2,500 

2,790 


64 

1,060 

1,416 

1,770 

2,120 

2,475 

2,655 

2,830 

3,180 


56 

1,100 

1,470 

1,840 

2,200 

2,670 

2,765 

2,940 

3,300 


My thanks are due to the operating heads of the mining companies 
cited for the supplying of data of performance from their records, also 
to the officials of the steel works for moral assistance in the compilation 
of this article. 
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Finishing Temperatures and Properties of Rails* 

BT GEORGE K, BURGESS, J. J, CROWE, H. S. RAWDON, AND R. W, WALTENBERQ, 

TJ. S. BUREAU OP STANDARDS, WASHINGTON, D, C. 

(Pittsburgh Meeting, October, 1914) 

Summary of Researches and Conclusions 

The main objects of this investigation were to determine, from meas- 
urements taken at representative rail mills, the present American practice 
regarding the temperatures at which rails are rolled; to demonstrate the 
ease and accuracy with which such temperatures may be measured, 
without interfering in any way with the manufacture of the product; to 
fin d out what the ‘^shrinkage clause'' in rail specifications really means; 
and, finally, to determine some of the physical properties of rail steels, 
particularly those of interest in manufacture, some of which seem to be 
insufficiently known as yet. 

!• Ingot Temperatures. — Measurements made in four mills show 
that ingots for rails are rolled at temperatures ranging from 1,075*^ to 
1,150® C. (1,965® to 2,100® F.), and that, in a series of 20 to 40 ingots, the 
variation in temperature from one ingot to another is only 10® to 20® C, 

2. Finishing Temperatures. — Rails are finished at temperatures rang- 
ing broadly from 880® to 1,050® C. (1,616 to 1,922® F.), but usually rang- 
ing within 60® C. of 935® C., and occasionally above 1,100® 

3. Finishing Temperatures of Different Rail Sections. — With uniform 
mill practice, the rails of 100-lb. section will be finished at a temperature 
about 10° to 20® 0. hotter than rails of 90-lb. section, and about 50® C. 
hotter than those of 75-lb. section. 

4. Uniformity of Finishing Temperatures. — ^It is possible to roll rails 
so that all rails from the same original position in the ingot — as A or R, 
etc. — will be finished within ± 10® C. of the same temperature. 

6. Temperature Measurements. — ^The finishing temperatures of each 
rail may be measured at the hot saws, by means of suitable optical or 
radiation pyrometers, without interfering in any way with the manufactur- 
ing operations. 


* Note bt the Editor. — This r4sumi of Technologic Paper No, 38, which is pub- 
lished in full by the U. S. Bureau of Standards, is brought before the membership 
of the Institute with the object of affording an opportunity for the open discussion 
of results of an investigation by the authors named above, of same phases of the man- 
ufacture of steel rails which are of great importance to manufacturer and consumer 
alike. 
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6. Shrinkage Clause” in Rail Specifications, — A comparison of the 
shrinkage clause in American rail specifications (for example, those of the 
A. S. T. M.) with the expansion of rail steel shows that this clause permits 
rails to be finished at temperatures as high as 1,120^^ C. (2,045° F.), which 
is 450° C. (840° F.) above the critical range of rail steel, and which is also 
above the temperature at which many ingots for rails are actually rolled 
in practice. Such a shrinkage clause, therefore, does not serve the avowed 
purpose of limiting the finishing temperature to a value slightly above the 
critical range. 

7. Critical Ranges, — For the 10 samples of open-hearth and Bessemer 
steels examined, the maximum point of the critical range on heating was 
determined to be within 7° C. of 732° C. (1,350° F.); the critical range on 
cooling was determined to be between the limits of 680° and 650° C. 
(1,256° and 1,202° F.). 

8. Melting Range — The melting, or freezing, range for rail steels 
extends from about 1,470° C. (2,680° F.) to nearly the melting point of 
iron, located at 1,530° C. (2,786° F.). 

9. Expansion, — The expansion for open-hearth and Bessemer steels 
is not the same. Above 800° C. (1,470° F.) the expansion of both increases 
linearly with temperature. The linear coefficient per degree centigrade 
has the following mean value between 0° and 1,000° C.: 

For Bessemer steel (carbon 0.40 to 0.50 per cent.), a = 0.0000146. 

For open-hearth steel (carbon 0.65 to 0.70 per cent.), a - 0.0000156. 

Shrinkage measurements on open-hearth rails (C = 0.71 per cent.) 
gave a = 0.0000161. 

10. Rate of Cooling, — A rail of 100-lb. section, cooling freely in air 
from a uniform temperature of 1,070° C. (1,960° F.), reaches its re- 
calescence point (670° C. = 1,232° F.) in about 8 min. 30 sec. The 
maximum difference in temperature between center and outside of head 
during this cooling is about 85° C. at 1,000° C. (1,832° F.), becoming 0° 
again at 670° C. 

11. Other Observations of Properties, — Chemical, microscopic, and 
mechanical tests were made on a number of samples of rails whose 
temperatures of rolling had been observed, but there appears to be an 
insufficient degree of correlation to warrant associating very specifically 
any of the characteristics defined by these three methods of examination, 
either with the temperatures of rolling here observed, or with each other. 

Observations on the Temperatures of Rolling 

The results of the observations on the temperatures of rolling at the 
four different mills are summarized in Table I. The only considerable 
element of non-uniformity of the measurements at the several mills lies 
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in the fact that the distance and time from the finishing pass to the hot 
saws, at which latter point the observations were made, is not the sancie. 
The time for mill D is about one-half of that for mills A., B, and C, while 
the ratio of distances is roughly A, 4; B, 5; C, 3; and D, 1. 

Importance and Possibility of Temperature Control of Rail Rolling 

The undesirable effects of rolling rails too cold and too hot were very 
early recognized, and have been stated many times by competent au- 
thorities, although it should be pointed out that there is not complete 
agreement, or conclusive evidence, regarding the effects of finishing rails 
too hot. The argument is that rolling below the critical range distorts 
and weakens the crystalline structure, while rolling and finishing at too 
high temperature above the critical range produces a coarse-grained 
steel, which is weaker than the finer-grained structure obtained by doing 
work continuously down to the critical range. Indeed, the researches 
of Wickhorst' showed that, with increase of finishing temperature, there 
was a slight decrease in ductility and a notable increase in the size of the 
grain. 

The introduction of temperature control in rail mills presents no un- 
usual difficulties from the pyrometric point of view. What is desired is a 
measure of the actual temperature of each of the rail bars as they emerge 
from the finishing pass, or, better, of the blooms as they enter the rail 
mill . The present shrinkage clause in rail specifications has no signifi- 
cance whatever, since it is placed so high as practically not to limit the 
upper rolling temperature at all. It is furthermore an unsatisfactory and 
inaccurate gauge, and does not permit the exercise of control of the 
operation, because it can only be used after the rails are completed and 
cold. This last objection also applies to the determination of the tem- 
perature of rolling by means of microscopic examination. 

There are many types of optical and radiation pyrometers available 
to solve the problem of direct temperature control. These pyrometers 
have given excellent service in other technical fields, and with very small 
cost of installation and maintenance. In the researches made by the 
authors of this paper all observations were made without interference with 
the regular operation of the mills, and no si>ecial arrangements or 
installations were found necessary for manipulating the pyrometric 
apparatus. 

Observations on the Microstructure of the Rails 

In nearly all the cases the size of the pearhte grains shows that the 
rolling was discontinued at a temperature well above the critical range, 

' M. H. Wickhorst, Influence of Rolling Temperatures on the Properties of Bessemer 
Rails, Report No. 21, to Bail Committee, American Railway Engineering Association 
(November, 1911). 
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Table I . — Summary of Ingot-Rolling and Rail-Finishing Temperatures 

in Centigrade Degrees 



Mill A- 

MiU B* 

MiU C‘ 

MiU D* 

Average temperature 
rolling ingots 

1140® 

1082‘ 

1102' 

1087<* 

118* 

Average time in bloom- 
ing mill, seconds 

120 

121 

91 

71 

37 

Average temperature of 
finishing rail 

924/ 

918' 

906< 

976^ 

964<^ 

942* 

988* 

962“ 

939” 

928» 

911 

928^ 

901 

920*^ 

883 

904* 

1047" 

992" 

Number of rails observed 
Weight of rails, Ib.- 

seotion 

Type of rail 

120 

75 

Bess. 

70 

90 

O.H. 

80 

100 

O.H. 

312 

72 

O.H. 

171 

90 

O.H. 

186 

100 

Bess. 

O.H. 

Location of point of 
observation 

Hot saw 

Hot saw 

Cooling 

BedNo.l 

Hot saw 

Distance from last pass 
to point of observation 
in arbitrary units .... 

4 

5 

3 

1 


Blooms not 
reheated 

Blooms 
not re- 
heated 

Blooms 

reheated 

Blooms 

reheated 


® Observations taken on 20 ingots; maximum variation from average ±10° 

^ Observations taken on 19 ingots; maximum variation from average ±16° 

® Observations taken on 30 ingots; maximum variation from average ±12° 

^ Observations taken on 29 ingots; maximum variation from average ± 17° 

® Observations taken on 43 ingots; maximum variation from average ± 16° 

^ Bails located in ingot at A and D 
^ Bails located in ingot at B and E 

* Bails located in ingot at € and F 

* Bails located in ingot at A and C 
Bails located in ingot at B and D 
Bails located in ingot at mean of ABCD 

^ Bails located in ingot at mean of EFGH 

* Blooms not reheated before rolling into rails 
‘ Blooms reheated before rolling into rads. 

VOL. L. — 20 






306 


riNISHING TEMPERATURES AND PROPERTIES OF RAILS 


but the results here obtained do not bear out the contention that the 
finishing temperature is equivalent, so far as grain size is concerned, to the 
highest temperature of objects heated but not rolled or forged- On the 
contrary, the grain size is smaller than would have been produced by 
heating the same steel to the temperature at which rolling was discon- 
tinued, and then allowing it to cool without mechanical work. It would 
appear probable then that the restoration of the crystalline arrangement, 
which is so badly shattered by the squeezing action of the rolls, is not so 
rapid as is generally supposed, and, although the restoring process begins 
immediately after the rolling ceases, it is not complete until the steel has 
cooled somewhat, which, in fact, produces an effective finishing tempera- 
ture'^ somewhat below the observed one. 

From the data in the possession of these authors it would appear 
that the grain size of the steel is determined as much by the total amount 
cf reduction in the rolls as it is by the finishing temperature, or any 
ether factor. 

For the determination of any numerical relation between the size of 
^rain and the mechanical properties of the steel a study of the same steel 
ander varying conditions is essential. 

The effect of manganese in retarding the condition of equilibrium 
during cooling has an important effect on the structure and properties of 
steel. 

Discussion 

Albert Sauveur, Cambridge, Mass. — The Bureau of Standards 
ras once more rendered a public service. -Manufacturers and consumers 
steel rails alike should welcome the important results now laid before 
ihem by Dr. Burgess and his co-workers. Personally I welcome these 
'esults all the more that in the past, as some of the members may remem- 
Der, I have never failed, when occasion arose, to call the attention of 
•ail manufacturers to the importance of controlling the finishing tempera- 
ture of their rails. The pioneer metallographic work conducted at the 
South Works of the Illinois Steel Co. in the early '90s clearly brought out 
-he close relations existing between the manufacture, properties, and 
inishing temperature of steel rails and I think; I may say without fear 
>f being contradicted that the results of this early investigation had con- 
iderable influence in drawing the attention of manufacturers to the 
mportance of finishing temperature and of heat treatment in general, 
rhe results now before us should be, it seems to me, of great value to rail 
nanufacturers in their efforts to produce a better and, above all, a safer 
ail. It seems to be demonstrated in this paper that there is no difficulty 
n installing in rail mills pyrometric outfits, making it possible to record, 
/ithout interfering in the mill operations, the temperature of the rails 
s they leave the finishing rolls, or of the ingots as they are withdrawn 
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from the soaking pits, or at any intermediate point in the process of manu- 
facture. The inference necessarily follows that manufacturers should 
see to it that such pyrometric installations are made, in order that 
they may actually know, instead of guessing at, the temperature of their 
rails; and, for obvious reasons, rail consumers should insist upon such 
installations. 

In the rolling of heavy sections especially should care be taken to 
lower their finishing temperature, seeing that the present tendency is 
to finish them at higher temperature, whereas, owing to the slower cooling 
of their central portions, which makes for coarseness of grain, they should, 
if anything, be finished at a lower temperature than lighter rails. 

It also seems as if the authors had demonstrated the utter uselessness 
of the shrinkage clause as a means of regulating finishing temperature. 
When we are shown that the shrinkage clause allows rails to be finished 
at a temperature as high as 1,120® C., or some 450® above their critical 
range, it is high time to discard it, not only as useless but actually as 
dangerous. 

R. Trimble, Pittsburgh, Pa. — One of the most perplexing things 
we have had to do with in connection with the manufacture of rails is to 
secure their rolling at a proper temperature, and, as stated in the paper, 
the railroad engineers have endeavored to have rails rolled at a lower 
temperature, thinking that such rails would give better service, while on 
the other hand the mills are favorable to a high temperature, on account 
of the reduction in wear and tear on the mills due to rolling the rails at a 
higher temperature. 

Although we have in our specifications a shrinkage clause, which we 
think should be readily met by the mills, yet one mill insists that it is 
impossible for it to reach our shrinkage clause, and we therefore have 
to make an allowance to this particular miU, which is objectionable. 

William R. Webster, Philadelphia, Pa. — The authors have given us 
some very valuable information on temperatures at which rails are rolled 
at our mills in every-day practice in the execution of orders under re- 
quirements of ordinary specifications- The results of their work will, as 
a matter of course, lead to a very thorough and complete investigation of 
the whole subject. The Bureau of Standards is well fitted to undertake 
this work and the members of this society should co-operate with them in 
every way possible. 

The present paper forms a very good reopening of our former discus- 
sions on the physics of steel and it is hoped that the authors will favor 
us with further data, from time to time, in order that definite conclusions 
may be arrived at on the several points they have raised, and on others 
they have not referred to, but which are well recognized as having an 
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important bearing on the subject and will undoubtedly be brought out in 
the discussion. 

The practical mill men should be consuUed and their views obtained 
in this investigation, as it is more complicated than at first appears. For 
instance, the suggested plan for controlling and securing the best finishing 
temperatures in rolling cannot be carried out in practice, owing to the 
section of our T rails. In rolling rails direct from the ingot, the ingot is 
necessarily hotter than is desirable, in order to carry the heat through 
to the final passes and avoid finishing the flanges too cold. In rolling 
rails from reheated blooms, it is impossible to secure the beneficial effects 
of such reheating, as the blooms are heated higher than is desirable, in 
order to carry the heat through to the final passes. This investigation 
will develop that it is not merely that the manufacturer '^prefers to roll 
his rails hot, as less power is then required to operate the mill and there 
is less wear and tear of the rolls, but that with the present sections he 
is not only compelled to roll hot, but he cannot finish the heads at tem- 
peratures low enough to produce the best structure in the steel. 

It is therefore suggested that the authors repeat their observations on 
similar lots of rails rolled at all four mills referred to, under their own super- 
vision, in order to see at just how low temperatures they can start with 
the ingot or bloom and how cold such rails can be rolled to maintain sec- 
tion and comply with drop-test requirements. At mills C and D, where 
four saws are used, the shrinkage of each rail should be measured in order 
to compare the variations with the observed temperatures of each rail 
taken by the pyrometer. It would also be well to note the amount of 
camber put in these rails in order to see what effect the cambering has upon 
the shrinkage and to determine definitely what the coefficient should be 
for both open-hearth and Bessemer steels. 

The authors assume that their coefidcient of contraction is correct and, 
based on it, state that the present shrinkage clause allows rails to be 
finished at 1,120® C., or 450® C. above the critical range of rail steel.'^ 
They also state, in connection with their own work: ''From the thermal 
data, it follows that all these rails could have had work done on them to 
advantage during the rolling process down to 700® C. (1,292® F.), whereas 
for none of them was the actual finishing temperature lower than 880° C. 
(1,615® F.).’^ This finishing temperature of 880® C. at which some of the 
rails were finished corresponds to a shrinkage of about 5Ke 33 ft., 
when figured by the same coefficient of contraction. Did the authors 
measure the contraction of any 100-lb. rail finished at this temperature, 
and if so, what was the actual shrinkage? The finishing temperature 
of 700® C. would only give a contraction of about 4f in, in 33 ft. when 
estimated by the same coeflSicient. Do the authors consider that any rails 
of the present sections can be rolled at low enough temperatures to give 
only about 4f in. shrinkage in 33 ft.? We have here the desired finishing 
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temperature on the one hand and on the other the rolling difficulties owing 
to the present sections of rail. How are these to be brought into accord 
without adding metal to the web and flanges to permit the rails being 
finished at the proper temperatures? How much metal should be added 
to the web and flanges and how close would such modified sections ap- 
proach to the English bull-headed rail? 

The writer’s views on this phase of the question were given in 1900 
in an informal discussion at the annual convention of the American 
Society of Civil Engineers, in London, on Recent Practice in Rails. In 
March, 1901, he asked the Society to appoint a committee on rail sections 
to consider modifying the Society’s sections by putting more metal in the 
flanges to carry the heat and allow lower rolling temperatures, and claimed 
that the rolling temperatures were of as much importance as the chemical 
composition. His views were also given in a supplemental report to 
the final report of that committee in 1910, and again in his recent Dis- 
cussion on Rails before the American Railway Engineering Association in 
March, 1913. 

Too much stress cannot be placed on the influence of the finishing 
temperature on the quality of the steel; but formerly its effects were not 
well known or appreciated. The writer’s attention was first called to the 
great influence of the initial rolling temperatures, amount of reduction 
in each pass, and finishing temperatures, in his investigations on The 
Relations between the Chemical Constitution and Physical Properties of 
Steel in 1891 to 1894. It was then found that the control of the rolling 
temperatures was the most important factor. Since that time the 
writer has been greatly interested in the effect of the heat treatment on all 
grades of steel in forging and rolling and, as far as he knows, was the first 
to propose the shrinkage clause in rail specifications. He has always 
appreciated its limitations and the force of the objections raised from time 
to time, but does not consider that any practical substitute has yet been 
offered. It was the first effort made by the purchasers of rails to system- 
atically control and check the finishing temperatures of their rails. The 
rail-mill practice prior to that time has often been referred to as “harden- 
ing the steel by the addition of carbon and squirting it through the rolls 
in order to get increased output.” It is hoped that the authors will give 
us further data showing how accurate a measurer of temperature the 
shrinkage really is, and what reductions in the present specified shrinkages 
can consistently be made for rails of present section. 

Assuming the pyrometer can be used as suggested, in every-day prac- 
tice, no explanation has yet been offered as to how the individual rails 
on which observations have been taken can be identified in the finishing 
department; but the shrinkage of the rail leaves a permanent record. 
All the inspector has to do at mills where four saws are used is to measure 
the distance between saws and the lengths of the cold rails. This check 
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on the finishing temperature by the shrinkage is therefore automatic in 
every respect. 

There are two problems that come into this matter: First, public 
safety; second, wear of our rails. 

If 3 'ou roll your rails of present sections too cold, endeavoring thus 
to secure better wear, the flanges will be finished too cold, causing the 
steel to tear and thus forming small fractures, many of which ^e covered 
up in rolling and are not observable on inspection. These incipient flaws 
in the flanges of our high-carbon rails are much more dangerous than is 
generally appreciated. We should therefore go very slowly in this matter 
before coming to any final conclusions on cold rolling of rails until sections 
are decidedly changed. 

P. H. Dudley, New York, N. Y. — 

1. Introduction 

The periodic recurrent discussion of one or more phases of rail manu- 
facture emphasizes: 

1. That the service of rails has increased in the track in a faster ratio 
than generally realized. 

2. The complicated problems of rail manufacture for present service 
in the United States are but partly encompassed by metallurgic knowl- 
edge and practice, but include those of mechanical and civil engi- 
neering, operations, climatic conditions, and a combined mill and track 
experience. 

Page 4* of the Introduction states: “It is co m mon knowledge that 
there are an alarming number of failures of rails in service on the rail- 
roads of the country, and, unfortunately, these failures are not on the 
decrease. Thus the reports of the rail committee of the American Rail- 
way Association show 36,641 rail failures, in 12,688,714 tons laid, for the 
year ending October 31, 1911, and 61,047 failures for 13,736,956 tons 
[October 31] in 1912.” 

The increase of failures from 36,641 in 1911, to 61,047 for an addition 
of only 1,048,242 more tons reported (October 31) in 1912, revealed 
the fact that there was some decided change in the conditions of opera- 
tion which contributed to lessen the duration strain factor of the metal 
in the rails to a greater degree for the low temperatures in 1912, than for 
a milder period in 1911. 

The winter of 1911 was mild for most of the northern railways, but 
1912 was extremely cold, with the greatest number of broken rails in 
their history; 1913 was mild, with 60 per cent, reduction over 1912 of 
broken rails, while 1914 was again cold in the eastern portions of the 
United States and Canada. 


® Tedmohgic Paper No, 38, U, S. Bureau of Standards (1914). 
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November, 1911, was cool, with a range of 60° to 120° deficiency 
temperatures for the month at different U. S. Weather Bureau stations. 
December had an opposite oscillation of warm waves of 100° to 200° 
above normal. Rails which had contracted in the splice bars during 
November, were again expanded in December. The sudden excessive 
cold wave in the West of the last one or two days of December, and the 
first day of January in the East, contracted the metal in the rails and 
set up tensile stresses before the rails could render in the splice bars. 
This, combined with the stresses of the metal of the rails as girders 
under the moving wheels of the locomotives and cars, was the important 
factor in 1912 of the greatest number of breakages of Bessemer rails in 
the history of the railways. 

The ordinary duration strain factor of the metal of more Bessemer 
rails than usual was reduced from the effects of the cold by: 

1. The additional tensile stresses due to being held by the splice bars 
from contraction. 

2. The increased tendency of the metal of Bessemer rails of 0.10 phos- 
phorus and only 0.50 carbon to fracture under rapid distribution of the 
alternate unit fiber strains and balanced stresses of the moving wheel 
loads. 

I sent out September, 1913, 450 copies of the tabulations of the 
accumulated excess or deficiency temperatures for the United States 
Weather Bureau stations on the New York Central Lines for the years 
1911, 1912, and 1913 to Aug. 31, to the respective ofl&cials in charge of 
maintenance of way and to those of equipment. 

I made the forecast September 1, that the probabilities were that the 
winter of 1914 would not be as mild as the winter of 1913 — the broken 
rails not being one-half as many as in 1912 for the same locality and 
service. 

I also sent instructions to have the maintenance of way to its highest 
standard in 60 days, and the equipment, as to the rotundity of the wheels, 
in the next 90 days, and to be maintained through the winter. 

The forecast proved true, though December and the fore part of Jan- 
uary were mild; the cold wave was severe in the latter part of Janu- 
ary, February, and March, but from the care and attention of the ofi&cials 
of the respective departments, the percentages of broken rails and shelled 
wheels were less than in normal years. 

The excess or deficiency temperatures per month for 1914, to August 
31, have been added to the three preceding years, with forecast and in- 
structions issued for the winter of 1915, and copies sent to the oflacials 
in charge of the departments of maintenance of way, of equipment, and 
operating. These three contribute by their care to the safety limits of the 
duration strain factor in the metal of the rails. 

The large railway systems keep their own statistics up to date, there- 
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fore know from the comparative figures that the rail failures have de- 
creased since the extreme cold winter of 1912, and are proportionally less 
than ever before for a similar service. I speak particularly for the New 
York Central Lines, for in some territory they often have cold waves of 
some days' duration of 30® and 40® F. below zero. _ 

The introduction of basic open-hearth rails the past few years in which 
the phosphorus content is practically one-fourth of the former Bessemer 
rails, furnishes the metal of the sections as girders a duration strain factor 
of greater combined capacity and rapidity of distribution of the alternate 
unit fiber strains, balanced by equal stresses, than was possible to se- 
cure in many of the 0.10 phosphorus and only 0.50 carbon Bessemer 
rails. 

The basic open-hearth rails for the New York Central Lines have all 
been made since 1910 under the 1909 specifications of their elongation and 
exhausted ductility tests which were developed from the elongation tests 
under the drop used for Bessemer rails from 1890 to 1910. There were 
in the tracks of the N.Y.C. & H.R.II.R. Jan. 1, 1914: 


Tons 

Basic Open-Hearth Rails 

Length, Miles 

Broken per 100 
Miles 

65,297 

53^ in. 

801b. 

519 

1.93 

83,268 

6 in. 1 

1001b. 

530 

0.57 

67,460 

6 in. j 

105 lb. 

408 

0.00 


There were 13 broken basic open-hearth rails from J an. 1 to Aug. 1, 
1914, and 279 Bessemer, or 1 open-hearth to 22 of Bessemer, exclusive of 
interior transverse fissures. February and March were extremely cold, 
with many continuous cold waves of 35° F. below zero and an occasional 
wave of 40°. 

2. Importance of Limiting Temperatures of Rolling Rails 

This is a comprehensive subject and will require many papers and dis- 
cussions to state its many salient features, for application to rail manufac- 
ture for the girder and resistance to wear. 

I state here that the effects of the rolling temperatures upon the dura- 
tion strain factor of the metal of the basic open-hearth rails as girders, for 
service either in warm or cold climates, is one of the keynotes of this dis- 
cussion. Investigations have shown that the transformations of all the 
different metallographic forms the metal should pass through from the 
higher temperatures of the hot set ingot to the lower of the metal of the 
rail in the finishing pass, did not completely occur in the metal of the sec- 
tion, particularly of that in the central portions of the head. It is left in 
a heterogeneous condition in a few rails with initial strains, and as the 
interior metal cannot elongate as readily as its exterior envelope of the 
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head, is sometimes checked by the gags of the presses to straighteD the 
rails. These develop in service from the negative strains in the wheel 
spacing of the passing equipment. 

3. Rolling Rails 

Rails are rolled: 

1. Direct from the equalized, original heat of the ingot to the finished 
rail. 

2. The ingots are bloomed from their equalized, original heat, then 
the blooms are reheated to pass through the roughing and finishing roll 
trains. 

The investigations show tjiat as a rule the transformations seem more 
complete in a greater majority of rails from the reheated blooms, than in 
direct rolling. This is a difficult investigation to make direct upon the 
output of the rails owing to the small fraction of 1 per cent, affected. The 
fact is confirmed by only an occasional failed rail from the reheated blooms 
due to the incomplete transformations. 

There have been two distinct schools of theory and practice for the 
manufacture of rails: 

The first considers that the chemical composition should be prescribed 
and limited by definite proportions to make sound hot ingots, combined 
with rolling temperatures to secure the physical properties intended in 
desired sections of girders. 

The second considers the chemical composition secondary, but that 
the rails must be rolled cold to insure good wear, as the only information to 
be given the manufacturer to secure a suitable product. 

The first school has service tests of rails in the tracks for over two dec- 
ades which proved safe and quite free from breakages in low temperatures, 
with fair resistance to wear. This has been of great service in the adap- 
tation of basic open-hearth steel to replace Bessemer. 

The second school had the mills remodeled for cold rolling of Bessemer 
rails (some were built for the purpose); and prescribed shrinkage limits 
for the hot saws, which have not been modified for basic open-hearth rails. 

The holding the bars 40 sec. before the last pass, was abandoned many 
years ago, when the epidemics of broken rails in the low temperatures of 
1904, 1905, and 1906 occurred. The mills which were built for direct 
cold rolling for wear, without the least intention of so doing, injured 
many rails of their output of basic open-hearth rails as girders. 

The second school is no longer advocating the extreme cold rolling, for 
the service tests have not sustained its contention. 

The metal of a rail section, as an element in the ''Means of Trans- 
port to carry and guide the passing equipment, performs two diverse 
functions : 

1. That of a girder, to distribute in fractions of a second large alternate 
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unit fiber strains, and which, for safety, governs the quality of metal 
which can be used. 

2. That of resistance to wear and abrasion from the passing wheels 
of the equipment. 

4. Interior Transverse Fissures Due to Incomplete Transformations of 

Metal from the Higher Temperatures of the Ingot Metal to That of 
the Finished Rail 

It does not seem to matter what the distribution of metal is in the 
section, whether of thin or heavy bases, for each has developed interior 
transverse fissures in the head after more or less service. A direct con- 
nection seems to be established with cold direct rolling temperatures in 
retarding the transformations, which must receive careful research before 
it can be determined what is the proper range of finishing temperatures 
for the combined functions of a given section and its service. It may 
fail from an interior transverse fissure either in a warm or cold climate. 

The paper is a valuable contribution of data, and I concur with the 
authors that more experimental work should be done, and the rails sub- 
jected to service tests to establish the important facts as to the finishing 
temperatures and properties of rails. 

George B. Waterhouse, Buffalo, N. Y. — The paper of Dr. Burgess 
and his associates is one of great interest alike to the theorist, mainly 
concerned with pyrometry and its application, and to the practical man, 
whose chief interest is improvement and uniformity in his product. The 
comparative ease with which the temperature measurements were made 
is specially noteworthy, and shows that the newer types of optical pyrome- 
ters must be workmanlike instruments that can be depended upon even 
when subjected to the hard and exacting conditions found in steel works 
and rolling mills. 

While the paper as a whole is valuable, several of the methods used 
and results obtained are open to criticism, and it is hoped that the follow- 
ing remarks will be accepted as a sincere effort to help in the study of 
this important subject of rail shrinkage and finishing temperatures. 

In the first place, it seems to me that the relation between finishing 
temperature and shrinkage has been arrived at in a needlessly indirect 
way. The temperatures were taken directly in the mills, and it would 
have been very easy to obtain the exact shrinkage on the same rails that 
were observed. Instead of this, pieces were cut from rail flanges, welded 
together either by electricity or oxy-acetylene, and the coefficient of 
expansion obtained carefully and laboriously in the physical laboratory. 
Having obtained this coefficient, the finishing temperature corresponding 
to a given shrinkage waS worked out. The results so obtained are 
questionable on account of the influence of the welded joints. It would 
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not have been hard to get pieces from the mills of the required length, 
about 20 in., and it is to be regretted that this was not done. 

According to these results there is quite an appreciable diiference in 
the expansion of open-hearth and Bessemer rail steel, which would cause 
Bessemer rails to be finished about 100° F. hotter than open-hearth in 
order to have the same shrinkage. Regarding this they write: “This 
great difference in the shrinkage of the two classes of rails does not appear 
to have been considered in rail specifications, although this difference 
must have been detected in mill practice.” As a matter of fact there is 
very little difference in the shrinkage of the two classes of steel. At 
our mill, Bessemer rails 100 lb. to the yard, 33 ft. long, require 
at the hot saw, while open-hearth rails of the same section, rolled and fin- 
ished at practically the same temperature, require as a rule from 6^4 

in. 

In regard to the temperature measurements one thing should be care- 
fully noted, and that is that they were chiefly made on the head of the 
rail, which is the hottest part of the rail section. The ends of the flanges 
are finished much colder even with the heavy-base rails, and this differ- 
ence is particularly marked with thin-flange rails such as the New York 
Central uses. It is obvious that the finishing temperature of every part 
of the rail section must be well above the critical range so as to avoid 
brittleness, and it is certain that this will cause the rail heads to be finished 
a good deal hotter than is regarded as sufficient in the paper — that is, 
about 1,300° to 1,350° F. 

The section on microstructure is very interesting, although it is stated 
that no definite conclusions can be drawn as to the relation between 
grain size and finishing temperatures. One conclusion is arrived at, 
however, that appears to be definitely proved from the known evidence 
on the subject, and which is very valuable. The paragraph may be 
quoted. “It would appear probable, then, that the restoration of the 
crystalline arrangement which is so badly shattered by the squeezing 
action of the rolls is not so rapid as is generally supposed, and though the 
restoring process begins immediately after the rolling ceases it is not 
complete until at a lower temperature, which in fact is the temperature 
which determines the grain size of the finished product.” 

In other words, the effective finishing temperature as it concerns the 
properties of the finished rail is below the temperature as observed by the 
pyrometer by an amount that is not thoroughly determined, but which 
must be allowed for. The temperature, therefore, on leaving the rolls 
must be sufficiently above the critical range to allow the restoring process 
to get welt on its way in aU parts of the rail section. 

The paper also lays emphasis on the influence of the amount of reduc- 
tion on the grain size, and the greater the reduction the smaller the grain 
size. This does not refer to the number of passes but to the actual re- 
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duction from the cross-section of the ingot to that of the finished rail. 
In this connection it does not seem as if enough importance has been ac- 
corded to one factor governing the grain size: namely, the rate of cooling. 
The larger the finished rail the larger the section of the various passes 
from the bloom to the rail, and therefore the slower the rate of cooling on 
the mill tables and the hot bed. To follow this further, the slower the 
cooling the higher the finishing temperature, and the greater the time 
interval between the effective finishing temperature and the critical 
range. This will inevitably bring about a larger grain size in the finished 

rail. . 

Finally, in regard to the difference in temperature between the inside 
and outside of the head of a rail, it is probable that the difference in prac- 
tice is greater than that found by the writers in the laboratory. It must 
be remembered that the rail ingots are charged into the soaking pits 
while the interior is very little if at all below the freezing point, while 
the outside is usually below a good rolling temperature. Even after the 
customary time in the pits the interior is undoubtedly hotter than the 
outside, and this difference is increased during rolling because of the cool- 
ing on the tables and the water used on the rolls. This difference in 
temperature is important because of the shrinkage stresses that are liable 
to be set up, and which must be carefully considered. 

M. H. WicKHOBST, Chicago, 111. — I have made a few temperature 
measurements, and, although Dr. Burgess has described me as an op- 
timist on the subject, I have not felt all the confidence in the correctness 
of the measurements that I would have liked, and the Bureau can, I 
think, do considerable toward advancing the art of measuring rolling 
temperatures to a point where we can accept such measurements with 
confidence. 

I wish now to make a few remarks on the subject of the relation of 
the rolling temperature to the general question of rail failures. Some 
years ago it was customary to ascribe rail failures to too high finishing 
temperatures of the rail, necessitated by the thin flange, but it now seems 
that not many failures can be traced to this cause. Very briefly I may say 
that a large portion of rail failures have their origin in excessive segrega- 
tion, mostly of carbon and phosphorus, in the interior and upper part 
of the ingot. Another large portion of rail failures have their origin in 
seams in the bottom of the base. Excessive segregation is to be avoided 
by using quiet-setting steel, well deoxidized with silicon, titanium, or 
aluminum; in other words, ingots with “horny" tops should not be 
used. Of course, such quiet-setting sted pipes deeply and successful use 
of such steel will then, perhaps, require a large discard, or perhaps the 
development of a commercially available sink-head process of casting 
the ingot. The surface seams, of which those at the bottom of the base 
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are especially harmful, seem to originate in the tearing of the sides of the 
ingot in the early stages of blooming, and probably a full study of this 
part of the subject can be expected to result in the elimination of a great 
many of the seams. 

Having obtained an ingot of fairly even composition, and having 
given close attention to the rolling of the bloom, it would then seem to 
be necessary to give attention to the matter of rolling temperature in 
order to still further improve the properties of the rail. 

Dr. Burgess found a considerable difference in the hot shrinkage be- 
tween Bessemer and open-hearth rails, amounting, I believe, to something 
like I in. difference in a standard rail length of 33 ft. My own work has 
indicated that the shrinkage of the hot rail increases as the carbon in the 
steel increases and the difference between steel of average Bessemer 
carbon of 0.50 per cent, and steel of average open-hearth carbon of 0.69 
per cent, would amount to about i in. (See Bulletin of the American 
Railway Engineering Association, vol. xvi. No. 170, pp. 163 and 164, 
October, 1914. It is also expected that this article will appear in the 
Proceedings of the American Railway Engineering Association for 1915.) 

Dr. Burgess calls attention to the point that the shrinkage of the rail 
is not a correct measure of finishing temperature, and this I think we can 
concur in. At the finishing temperature the rail shrinks at the rate of 
about 3^100 second for a standard length of 33 ft. of cold rail, 

and of course the amount the rail shrinks after leaving the saws will 
vary according to the length of time elapsed between the finishing rolls 
and the saws. 

As regards the question of grain size, we may ask several questions: 
To what extent is the grain size a function of finishing temperature; 
to what extent is it a function of reduction in rolling; to what extent is it a 
function of the length of time the ingot has been in the pit or the bloom has 
been in the reheating furnace; or again, to what extent is the wear of a 
rail a function of the grain size, or of the finishing temperature? These 
are some of the questions that need attention and can be finally worked 
out only after a considerable amount of experimental work. 

James Aston, Cincinnati, Ohio. — have been a consistent advocate 
of the doctrine of the correlation of grain size and physical quality; that, 
other things being equal, the’strength of a steel is inversely proportional to 
the size of grain. While it is unwise to attempt to draw conclusions from 
incomplete data, and in the present instance it may be somewhat unfair, I 
was interested in reconciling the results of the paper under discussion with 
the above doctrine, and was surprised and disappointed to find that the 
expected confirmation is lacking. 

Upon arranging the data of the several tables of the paper in the order 
of increasing grain count, together with in each instance .the carbon con- 
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tent, physical quality, weight of section, finishing temperature, mill 
practice, etc., certain conclusions seem evident. That the rails represent- 
ing the materials and practice of the several mills appear to be rather 
promiscuously distributed, and there seems to be no regular order as to 
weight of section with respect to grain and temperature. And more con- 
spicuously, that there is no concordant relation of grain size as given by the 
count, and the finishing temperature of rolling. Again, making due al- 
lowances for the effect of carbon, the strength does not follow the order 
of increasing fineness of grain; and this holds even more noticeably for 
the relative . V-. Thus, of course, it is equally true that there is no 

correlation of physical quality and finishing temperature. 

On the face of such returns we can hardly expect the mills to rush 
wildly into the adoption of lower temperatures of rolling; at least until 
more consistent and conclusive data confirming the grain-size doctrine are 
available. 

With respect to the statement of the paper that the rolling operation 
produces “an ‘effective finishing temperature’ somewhat below the ob- 
served one” and “it would appear that the grain size of the steel is de- 
termined as much by the total amount of reduction in the roUs as it is by 
the finishing temperature, or any other factor,” a logical answer seems to 
be, “ Why not ?” We grant that mechanical working is a factor in reduc- 
tion of grain size. Consequently any reduction in the later stages of roll- 
ing, and especially that in the last or finishing pass, will break the grain 
down to a size less than that normal to the finishing temperature. This 
grain will tend to grow to normal during cooling, but will require appre- 
ciable time for its consummation; and during such interval the tempera- 
ture will be falling below that of the fiinishing pass. So that equilibrium 
will be reached with a grain growth arrested not at the finishing tempera- 
ture, but at one somewhat below. The spread will be dependent primar- 
ily upon the amount of the final reductions, but to a degree also upon the 
speed of cooling, which in turn is influenced by weight of section, and 
other factors. 

In view of the above, the suggestion of the authors that there may be 
some advantage in measuring the temperature of the blooms as they 
enter the rail mill, with the assumption of a constant speed of rolling, 
would seem open to question. For would we not have other disturbing 
factors varying with the amount of final reduction, weight of rail 
section, influence of chemical constituents, details of min practice, and 
the like; all making for variations in grain size from that to be expected 
from temperature conditions alone? 

Spjeaking of rail breakage, the severe winter of 1911-12 resulted in an 
epidemic of such failures in the Northern States. I recall an instance 
of the breakage by a single flat wheel of upward of 100 rails on an 85- 
mile stretch of as fine a piece of roadbed as there is in the country. Are 
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we not too ready to jump at conclusions in reaching for a cause; to 
ascribe failure to excess of phosphorus, to incipient fissuring, to coarse- 
ness of texture resulting from high temperature of finishing, or like causes? 
Was not the failure in all likelihood due to the proper combination of con- 
ditions; of high phosphorus, of abnormal grain, of increased brittleness 
of the steel due to the low temperature, of heavy wheel load, and of 
excessive pounding of the flat wheel — of the above singly or in combina- 
tion? And especially, was there not the important factor of unusual 
rigidity of frozen roadbed, which took away its power of yielding, and 
threw the entire resistance upon the overburdened rail? 

E. F. Kenney, Johnstown, Pa. — read Dr. Burgess’s paper, and, 
by the way, I was with Dr. Burgess part of the time when he made the 
measurements used in this paper. The thing that impressed me first, 
aside from the very valuable information that is included, is that, I 
think, the author is reasoning a little along theoretical lines without 
considering some of the practical lines that would appeal to those in 
the rail business. Two points should be determined before we lay too 
much stress on this question of finishing temperatures; 

In the first place, have we any real evidence that lower finishing 
temperatures would result in betterment to the rails? We have not seen 
any as yet. Some years ago we rolled some rails with widely different 
finishing temperatures; those rails were from the same heat and were 
put in^ on Horseshoe Curve on the Pennsylvania Railroad, and very 
careful records of measurements were kept showing the wear. We 
were not able to differentiate between the hot- and the cold-finished rails 
in that experiment; that is, as far as wear was concerned. 

As bearing on the effect of finishing temperatures on the strength of 
the rails we submit some recent experience. We started to roll a rail of 
very heavy section, weighing 125 lb. per yard, which because of its chem- 
istry partly, and of its section, is very stiff. The drop tests required 
were diflacult to meet because of liability to breakage. With a view 
to getting greater toughness we had some of the rails rolled at a tem- 
perature 100° F. lower than our ordinary finishing temperatures, or 
about 1,550° F., which is rather low for rails. We did not go any lower 
than that, because we were afraid of breaking the roUs. These tem- 
peratures were measured at the center of the base, and the edges of 
the base were, of course, considerably colder. Under the drop test 
there did not seem to be any difference between these rails and those 
which were fibished at the ordinary temperature. We are therefore 
led to believe that within the limits of temperature within which the 
steel can be rolled, we will not get very material difference, as far as the 
drop test is concerned, between hot-finished rails and cold-finished rails. 
But let us look at the other side of this matter. 
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Even if we were assured that we might get some betterment from very 
cold-finished rails, a number of difficulties are in the way which I think 
would be very hard to overcome. In some of our products we strive 
for a very smooth finish. This is well known over the country as Gau- 
tier Smooth Finish/^ and is obtained by holding the bars in the course of 
the rolling, so that at the finishing pass the temperature is so low that 
the heavy scale does not form, and the result is a bar with very smooth, 
black finish. Tests on those bars show that they have a finer grain 
and a higher elastic limit than ordinary bars, but the ductility has been 
reduced in the same proportion. 

Even if we could roll rails under the same conditions, I think we 
would lose in ductility quite as much as we would increase in other 
qualities. This cold rolling can be done without great difficulty on 
simple sections such as rounds, squares, etc., but when it is attempted 
on any complex sections we almost invariably get into trouble. The 
bar is likely to twist, and this would be fatal in the case of rails, as they 
would not be accepted. Our present T rails are of very complex section 
as far as rolling is concerned. 

Taking into account the doubt as to the practical effect of colder 
rolling and the difficulties attending it, I doubt very much if we are 
going to get much betterment in our rails, due to this colder finishing 
temperature. 

A. W. Gibbs, Philadelphia, Pa. (communication to the Secretary *) . 
—The starting point or datum line of Dr. Burgess’s paper is the critical 
temperature in the neighborhood of 700° C., 1,300° F. Running through 
the paper is the idea that rails should be finished at a temperature slightly 
above this critical temperature; notably at the bottom of p. 31,® where 
it says: 

‘‘From the thermal data, it follows that all these rails could have had work done 
on them to advantage during the rolling process down to 700® C. (1,292® F.), whereas 
for none of them was the actual finishing temperature lower than 880® C, (1,615® F.).'^ 

Further on in the paper, when dealing with the question of the shrink- 
age clause as used in the different specifications, the excess of temperature 
above this critical point, as determined by the shrinkage clause together 
with the coefficients of expansion determined in this paper, is taken as a 
measure of the badness of the rolling. I would refer particularly to 
paragraph on page 62, reading: 

A comparison of the shrinkage clause m American rail specifications (for example 
that of the A. S. T. M.) with the expansion of rail steel shows that this clause permits 
finishing rails at 1,120° C. (2,045° F.) or 460° C. (810® F.) above the critical range of 


* Received Oct. 13, 1914 

® Technologic Paper No> 38, U. S. Bureau of Standards (1914). 
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rail steel, and above the temperature at wbicli many ingots for rails are actually rolled 
in practice. Such a shrinkage clause therefore does not serve the avowed purpose of 
limiting the finishing temperatures to a value slightly above the critical range.” 

While following this is the statement by the author that this is but a 
preli mi nary investigation, nevertheless I think it is unfortunate that the 
desirability of hnishing at a point slightly above the critical range should 
be stated as though it wete proved. 

Those who are following the question of rail specihcations are con- 
tinually met with the statement that certain mills have rolled at finishing 
temperatures much below the customary ones and that the service 
results have not been satisfactory. 

The steel people, if they will, are in the best position to offer definite 
proofs. 

Before departing very far from the present shrinkage allowance in 
the rail specifications under which we are rolling, it seems necessary to 
have some direct evidence on the following points; 

Is a greater fineness of grain than we now secure accompanied by a 
greater safety against shock, and against the development of that form of 
detail fracture concerning which so much guessing has been done of late? 
If we are now getting the desired fineness of grain in certain parts of the 
rail, such as the flange and the web, is it desirable to lower the finishing 
temperature still more, so that this fineness of grain will be found in the 
head? Will this rail of finer structure be less able to withstand the drop 
test? If so, are we justified in reducing the severity of the drop test, and 
what will be our standing in court in the event of a wreck from rail 
breakage, where it has been shown that the rails have been subjected to 
a lessened drop? 

W. A. Aiken, New York, N. Y. (communication to the Secretary*). 
— In a more or less detailed connection of some 15 years with the study 
of rail steel and the inspecting of the finished product, I have always 
contended, recognizing as I did the necessarily antagonistic interests in- 
volved between the producer and consumer, happily very much more 
marked some years ago than existent to-day, that the most important 
point to be definitely settled first, was the absolute necessity to secure 
as perfect material as possible whereon to base conclusions, arrived at 
from the study of its heat treatment. While it may be broadly admitted 
that good material may be abused during manufacturing processes and 
poorer material possibly improved by such processes, it is a self-evident 
proposition, in my opinion , that with the finished product under discussion 
in this paper, not to grasp the vital necessity of studying the best material 
obtainable is more or less a waste of time and energy and in direct 
opposition to the theory of the conservation of the resource. 
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The absolute necessity of sufficient discard from the ingot to insure 
sound material from which to roll the finished product has long been 
recognized in principle and has grown in practice; but until the two diver- 
sant interests involved become less of an impasse than in the past, every 
one is wasting energy to a certain extent m studies, no matter how 
elaborate, of material which the ex parte student must insist is not as 
good as can be procured. So that, while in no way disparaging the good 
work done in the past, as shown in the files of our various technical 
societies and markedly brought out by the present work of the associated 
physicists of the Bureau of Standards, no one interested in obtaining 
better rails, and confronted with the yearly reports of failures of this 
material, must close his eyes to further and continued effort to obtain 
better steel from which to manufacture rails. Meanwhile, of course, all 
study on the finished commercial product cannot be considered entirely 
wasted, but the value of heat treatment to prevent injury to good material 
strikes me as much more important than its value in improving other 
material, not of the best, which is offered under present commercial 
conditions. 

That the shrinkage clause is at best a poor makeshift, cannot be 
ignored. That proper control of heat treatment can be’ accomplished 
instrumentally, I think is established by the present paper; though long 
smce abstractly recognized as feasible commercially by all investigators 
not biased by commercial interests. 

Pemonally, I have had sufficient experience in the use of pyrometers 
to have long since felt assured that their application could be effectively 
made for the determination of temperatures under ordinary rail-rolling 
conditions. And, finally, the use of such instruments of precision will, 
in my opinion, settle practically once for aU the fact that better finished 
product will be obtained at much lower finishing temperatures than are 
now generally used by manufacturers. 

It must be recognized, however, that manufacturers cannot arbitrarily 
be expected to void purely commercial interests for technical ones, even 
though these latter may be reasonably expected, if substituted, to furnish 
better material. There should be no question between producer and 
consumer thoroughly to try out commercially any method promising as 
good results as the practical and positive control of heat treatment of 
rails. 

De. G. K. Buegbss (written communication*) I wish to express my 
gratification at the interest expressed in the paper by so many competent 
authorities. The matter that appeared to be of the greatest general 
interest, and which it is only too apparent is stOl an open question, is, 
"WTiat are the most suitable temperatures, all things considered, for 
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rolling and finishing rails? As pointed out in several communications, 
the answer to that question is necessarily a complex one but it is believed 
to be a determinable one for any given rail section. The allied question, 
What is the best rail section? is intimately related to the former, as 
stated in several of the communications, but the answer to this appears 
to be even more complex. To neither of these questions does the paper 
give a reply, although more than one of the contributors to the discussion 
appears to have obtained the impression that there is here presented an 
argument for finishing rails at lower -temperatures than is at present 
practiced. Emphasis has been placed, however, on the conclusion from 
this investigation that the present “shrinkage clause,” which was de- 
signed to limit the upper temperature of finis hing rails, does not accom- 
plish this purpose. Statistics as to rejection of rails under this clause 
would be of interest. In this connection, the remarks of Professor 
Sauveur and of Mr. Trimble are of particular interest. 

Mr. Gibbs considers “it is unfortunate that the desirability of finishing 
at a point slightly above the critical range should be stated as though it 
were proved.” Of the two quotations cited by him in support of this 
inference, the first refers to what we consider to be a generally accepted 
fact, that work can be done to advantage on cooling steel to nearly the 
critical range; the second has to do with the inadequacy of the “shrinkage 
clause” to fulfill the purpose of its framers, which was to restrict the 
upper limit of rolling to a temperature slightly above the critical range. 
Whether or not rails should be rolled colder or hotter than is the present 
practice it was not intended to advocate in the paper, and, as Mr. Gibbs 
states, “the steel people, if they will, are in the best position to offer 
definite proofs” of the qualities of rails rolled hot or cold. 

The fundamental questions asked by Mr. Gibbs regarding the relation 
of fineness and uniformity of grain, finishing temperatures, resistance to 
shock, and breakage in the track, can only be answered by experiments 
on an elaborate scale; and there is also implied here the underlying 
questions of weight and section of rail. 

The comprehensive communication from Mr. Webster is most welcome 
and timely, and we are glad to note and acknowledge his valuable 
contributions to our knowledge of the properties of rails and in particular 
his urging repeatedly during the past 25 years the systematic study on an 
adequate basis of the fundamental problems of the physics of steel. 

It is of more than retrospective interest to look back at the Sug- 
gested Lines for the Discussion and Investigation of the Physics of Steel 
inaugurated at the Chicago meeting of this Institute in 1893, and to note 
how many of the queries then propounded stiU remain unanswered, and 
this in spite of the nearly boundless facilities of our many iron and steel 
manufacturing establishments, and the existence of not a few labora- 
tories. One cannot help but feel that many of these questions — some of 
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which Mr. Webster repeats to-day — ^might have been answered ere this 
without sacrificing the efficiency of our mills and probably with great 
economic gain in many instances. 

That the government standardizing laboratory is interesting itself 
within its necessarily limited sphere of activity — in some of the funda- 
mental problems of the properties of railway material should, we believe, 
serve as an added stimulus, however slight, to others in the common 
endeavor to solve these oftentimes perplexing, and happily sometimes 
easy problems, but ones the solutions of which have been deferred. 

Mr. Webster as early as 1890 to 1893 reached the conclusion from his 
investigations on The Relation between the Chemical and Physical 
Properties of Steels “that the control of the rolling temperatures was the 
most important factor;” and yet, to-day, it would appear that neither 
he nor any one else can say with certainty at what temperatures rails 
should be rolled. 

Regarding the difficulties to be encountered, some of which Mr. 
Webster mentions, in the practical solution of this problem, we believe 
some of them to be less serious than might at first appear. There 
certainly will be no difficulty, for instance, in identifying individual rails 
the temperatures of which have been measured. Mr. Webster mentions 
the procedure, under the shrinkage clause, for the inspector to follow 
in a mill with four saws; but how about the mill with one saw? This mill 
also works continuously, but has no automatic shrinkage control. 

Again, the question of rail section vs. temperature distribution, al- 
though undoubtedly troublesome for rails of thin flange, may perhaps be 
answered; and we hope to be able to contribute to its solution. 

To Mr. Webster’s suggestions for more work along more extended 
lines, for taking into account all the factors entering into the problem 
of rail temperatures and for co-operation with the practical mill men, 
we most heartily assent. 

To his questions as to effect of section and the practical possibility 
of rolling raUs colder than is the present practice, we must plead ignorance. 

In view of the fact that the shrinkage measurements made in the 
min and the expansion measurements made in the laboratory agree very 
well for the few examples given in the paper for open-hearth rails, we are 
inclined to the belief that these measurements are trustworthy; but 
much' more data on shrinkage and finishing temperatures should be ob- 
tained for different kinds of steel and for rails embracing at least all the 
usual sections. 

The communication by Mr. Waterhouse contains many useful sug- 
gestions which must be kept in mind in a comprehensive study of the 
subject of rolling temperatures vs. properties of rails. 

Regarding his criticism of our method of determining expansion in the 
laboratory rather than of shrinkage in the mill, it may be stated that our 
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original program as planned, and as carried out in the mill s, involved no 
interference with mill practice. He appears to overlook the fact that 
shrinkage measurements were made, however, in one of the mills as shown 
on p. 55 of Technologic Paper No. 38. The results in shrinkage agreed 
with those on expansion. The effect of welding the rails can easily be 
shown to be nil as carried out. Mr. Waterhouse points out the impor- 
tance of the metallographic examination indicating an effective finishing 
temperature lower than that given by the p 3 u*ometer. We believe this 
to be a field worthy of further investigation. 

Mr. Aiken, in the light of his considerable experience, insists on the 
desirability of improving rail material, with which every one would proba- 
bly agree; but we also believe in the careful study of the -manufacturing 
processes and properties of the resulting products as carried out under 
present com m ercial and technical conditions with the materials in 
general use. 

Mr. Wickhorst points out in a comprehensive manner what he 
considers to be the sequence of importance in the causes of rail failure, 
and emphasizes the uncertainty in practice of the effect of finishing 
temperatures and the need of more experimentation on this and similar 
questions, with all of which we agree. 

Mr. Kenney’s statement that 100® F. either way from the ''ordin^y ” 
finishing temperature makes no material difference in the properties of 
rails of heavy section is of importance, as well as his account of rails from 
'^the same heat” but rolled at widely different” finishing temperatures 
not showing appreciable differences in the track. The detailed and 
complete account of this, and similar experiments on a more exactly 
determined basis, involving a sufficient quantity of material to yield 
^'practical” results, would be of interest. 

Until this is done, the question of suitable finishing temperatures will 
remain unsolved, for the ^'theoretical” man still asks, Why not roU 
colder? and the "practical” man admits he has no certain evidence one 
way or the other. 

Mr. Dudley has given us in his elaborate communication what is 
practically a new paper on the subject of the service of rails as influenced 
by manufacturing, maintenance, and weather conditions. His explana- 
tion of the abnormal number of failures for the year ending Oct. 31, 1912, 
as due to the cold winter is undoubtedly correct. The experience of the 
New York Central Lines that the Bessemer rails have an overwhelmiug 
proportion of failures as compared with open-hearth — or 22 to 1^ — appears 
not to be borne out generally. Mr. Dudley does not give, however, the 
total number of Bessemer rails, so that a strict comparison cannot be 
made between the failures of the two types from his data on the New 
York Central Lines. For the year 1912, for the whole country, the ratio 
of Bessemer to open-hearth rail failures per million tons laid was 5,160 
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to 2,379 — or roughly 2 to 1. It would appear from Mr. Dudley’s figures 
that the present breakage of open-hearth rails on the New York Central 
Lines is 91 per year per million tons laid, or only about the average 
for the whole country in 1912; from which one would infer that the break- 
age is in general unnecessarily high, and one should perhaps be cautious 
in attributing such wholesale failures too readily to increased train loads 
and high speeds. The questions of maintenance of track and quality of 
the rails and rolling equipment are perhaps of at least equal importance — 
factors which Mr. Dudley emphasizes. 

Regarding the question of best rolling temperatures, Mr. Dudley 
appears to consider the unsatisfactory experience with the Kennedy- 
Morrison process of holding the rail bar 40 sec. before the last pass, to 
have demonstrated the practical unsuitableness of colder rolling. The 
fallacy involved in that pseudo-cold-rolling process was explained at the 
time of its introduction by Professor Sauveur. Mr. Dudley’s conclusion 
concerning shrinkage limits prescribed by the school favoring cold rolling 
loses some of its force in view of the fact that the shrinkage limits have 
almost without exception permitted rolling at very much higher tem- 
peratures than has apparently been generally supposed. 

The question of transverse fissures, also raised by Mr. Dudley, we 
agree is one requiring further study for their explanation and elimination. 
The Bureau of Standards has begun an experimental investigation of this 
subject — following in part suggestions from 'Mr. Dudley. 
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Manganese-Steel Rails 

BY SIR ROBERT HADITELD,* F.B.S., LONDON, ENGLAND 
(New York Meeting, February, 1914) 

Since the writer has been intimately connected with the development 
of manganese steel for many years, some remarks upon the early work 
with regard to the rolling and forging of this material might be of in- 
terest, and particularly as to the question of rails of special quality and 
of superior wearing qualities. 

In a paper on Iron Alloys, with Special Reference to Manganese 
Steel, read before this Institute at the International Engineering Congress 
in Chicago in 1893,^ the writer mentioned that, about 20 years ago, his 
firm in Sheffield produced railroad material, such as tires and axles, of 
forged and rolled manganese steel, thus showing that this product could 
be manipulated and worked up into the various required forms. The tires 



Manganese Steel. Ordinary Carbon Steel. 

11 g. removed from manganese-steel rail by drilling in 20 min., as compared witi 
750 g. from ah ordinary carbon-steel rail in the same time. 

Eig. 1.— Manganese-Steel Rail op kg. per Meter Rolled in France 

IN 1904. 

illustrated in the paper referred to above formed a particularly difficuli 
class of work to produce in a special steel, but no special obstacles wen 
met with. Although there was no difficulty at that time in making anc 
producing manganese steel in various forms, forged, rolled or pressed 
nevertheless, on account of its higher expense, sufficient encouragemen 

* Honorary member. 

^Trans», xxiu, ^^148^(1893). 
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Fig. 2. ^Photograph of Original Tracing Prepared for the Production of the Rail shown in Fig. 
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was not then obtained from the users to introduce these products on a 
large scale. There never has been any real difficulty in obtaining 
forged, rolled, or pressed manganese steel, provided the consumer was 
willing to pay the necessarily higher cost as compared with ordinary 
steel. 

The matter was further pursued in the present decade: In 1904, a 
French manufacturer produced rolled manganese-steel rails of 7| kg. per 



Fig. 3.-— Specimen of Steel fbom which Bail shown in Fig. 1 was Rolled. 

Bent Double Cold. Tenacity, 60 Tons pek Sqtjaee Inch. 

Elongation, 40 percent. « 

meter, as shown in Fig, 1. The original tracing prepared by this manu- 
facturer on Dec. 30, 1903, showing the sizes of the billets and rails to be 
produced, is reproduced in Fig. 2. These rails were rolled without any 
incident. One of them was experimented upon by the writer in the 
following manner: After drilling for 20 min., 11 g. of manganese steel 
were removed; while, in the same time, 760 g. were removed from an 
ordinary carbon-steel rail. The results of this test are shown in the 
photographic view, Fig. 1. A piece of this same manganese steel bent 
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double cold, as shown in Fig. 3. The material showed a tenacity of 
60 tons per square inch, with an elongation of 40 per cent. 

This test was so satisfactory that manganese-steel rails of heavy 
section, 100 lb. per yard, varying from 6 to 12 m. in length, were then 
produced in the same rolling mill. A section of one of these rails is 
shown in Fig. 4. 

A large number of these rails were rolled in 1907, and were supplied to 
the Metropolitan Electric railway of Paris (in the commencing of opera- 
tions on W'hich, it wnll be remembered, there was some delay), and put 
to work, among other places, at the Ba-stile station in that city. These 



Fig. 4. — Manganese-Steel Rail, 100-lb. Section, Taken from a lot of 50 
Tons Rolled in 1907 for Metropolitan Electric Railway, Paris, France. 


rails, after several years of service on severe curve work, have given 
great satisfaction. After three years’ hard service, the actual wear was 
found to be not more than about 2| mm. It has been estimated that the 
rails will remain in service for ^bc to seven years before being worn out, 
whereas ordinary steel rails wear out and have to be replaced in less than 
a year. The rails in position are shown in Fig. 5. 

A plant for producing sound ingots under the system devised by the 
writer was described in a paper ^ presented to the Institute at the February, 
1913, meeting This system, as adapted to the manufacture of man- 
ganese-steel ingots, is illustrated in Figs. 6, 7, and 8. No less than 90 per 


3 Trans., xlv, 473 (1913). 
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rESE-STEEL Rails, 100-lb. Section, about 40 ft. long, in 
Place at Bastile Station, Paris, Fbancb. 
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Fig. 6. — Manganese-Steel Ingots. 


Fig. 7.“Heads from Above Ingots Partly Cogged and then Gxtt Off. 
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cent, of sound material is obtained from an alloy steel; which will there- 
fore be seen to offer great advantages Each 1 per cent, of expensive 
material saved means that much reduction in the cost of production. 



Fig. 8.— Fractukes from the Upper End op Top Billet from Each of the 

Ingots Shown in Fig. 6. 

The consumer has now to pay for 15, 20, or even 30 per cent, of waste in 
special steels made in the ordinary way, whereas this waste can to a large 
extent be avoided. Moreover, better and more uniform quality of alloy 
steel can be obtained. 

Discussion 

W. S. Potter, Pittsburgh, Pa.— The second page of this paper contains 
the repetition of the substance occurring at the bottom of the first page, 
f.c., “There never has been any real difficulty in obtaining forged, rolled,- 
or pressed manganese steel.” 

The writer refers to manganese-steel rails made by the Schneider Co. 
•for the Metropolitan Electric Railway of Paris. In the Revue de Metal- 
lurgies Paris, 1909, vol. vi, p. 550, in a letter dated Feb. 6, 1909, the 
Schneider Co. makes the following statements concerning the history of its 
efforts in the manufacture of manganese-steel rails: 

“Our first tests made in this direction go back to March, 1904, and consisted in the 
rolling of sorae rails of 7.5 kg. per meter, obtained by the transformation of billets 
forged at the drop hammer. These tests were continued in February, 1905, by rolling, 
under the same conditions, two rails of 18 kg. to the meter. 

“In August, 1906, and in anticipation of a furnishing of rails to the Metropolitan of 
Paris, we proceeded to a preliminary rolling of rails of 20.35 kg., which permitted us to 
recognize in advance the difficulties of manufacture which we would encounter, and 
to take all suitable measures for surmounting them. Six rails of 7 m. were thus rolled. 
The operation presented this peculiarity, that the transformation of the ingots into 
rails was effected exclusively by rolling (without preliminary forging of the ingots). 
Finally, from March to July, 1907, we proceeded under excellent conditions, to the 
rolling of 60 tons of Yignole rails; of 52 kg. to the meter, from 6 to 12 m. in length, 
at present in service at the Metropolitan Railroad of Paris.^^ 

On p. 560 of this journal the Schneider Co. makes the following 
statement: 
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'‘Manganese steel may be forged and rolled. Nevertheless, the quite special 
pains which its heating demands, as well as the very narrow limits of temperature 
between which one is restricted in working it, render these operations, the rolling of 
rails of great lengths especially, particularly difficult. 

“We have, however, succeeded in rolling, in July, 1907, an important tonnage of 
Vignole rails, at present in service on the Metropolitan Lines of Paris." 

The makers of the rails referred to by Sir Robert Hadfield differ radi- 
cally from him as to their experience in the heating of manganese steel for 
rolling or forging. Until 1906, and after two years’ experimenting, they 
were still unable to roll the manganese ingots without first forging them. 
Thereafter they found that the heating required quite special pains” 
and that the metal could only be heated within ‘Wery narrow limits of 
temperature between w^hich one is restricted in working it.” 

Personally, I have had 14 years’ experience in the manufacture of cast 
manganese steel, rolled and forged manganese steel, and it would certainly 
be absurd for me to say that I had found ‘^no difficulty,” particularly in 
the heating of the cast metal for its conversion into rolled or forged forms. 

Nine important steel companies in the United States, one in France, 
and two in England have wrestled with the heating of the cast manganese 
steel in their efforts to devise a practical method for its conversion into the 
wrought state. Hundreds, if not thousands, of men on both sides of the 
water will agree with me when I say that the preparation of the mangan- 
ese-steel ingot for rolling is the very name of trouble. This art is entirely 
the opposite of what one would understand from reading Sir Robert Had- 
ffeld’s paper submitted to-day to this Institute. 

The first bar of rolled manganese steel which I ever saw was made by 
the Edgar Allen Co., of Sheffield, England, and was given to me for analy- 
sis when I was chemist of the William Wharton, Jr., Co., of Philadelphia. 
[ found manganese 12.6 per cent. It was a very fine-grained, smooth 
bar, about 3 in. wide and perhaps f in, thick. This was in the early part 
of 1901. 

During the period 1901 to 1909 (more or less) many good men on both 
sides of the water struggled with the difficult matter of devising a method 
of heating an ingot of manganese steel in such a manner that it might then 
be rolled so as to afford a commercially available product. Outside of 
England and this country, no important progress in this art has been 
recorded. In Sheffield, England, the Edgar Allen Co. worked out a 
method, and in accordance with it rolled more rails than have ever been 
made by any company outside of the United States. 

A representative of the Edgar Allen Co. described the successful 
Sheffield practice as follows: 

“You 'eat it just so ^ot. Then you rowl it to the center, row! it to the center, you 

understand. If you 'eat it just a little bit too 'ot, you crush your ingot. If you 

don't 'eat it quite 'ot enough, you break your — — rowls." 
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In other wordS; as per the written word from the Schneider Co., the 
temperature range as per the English practice, as developed in Sheffield 
and transmitted to the works of the Schneider Co., covered ^'very narrow 
limits of temperature between which one is restricted in working it.'^ 

During the same years, that is to say, from 1901 to 1907, inclusive, 
there was developed in this country a method of heating manganese-steel 
ingots for rolling, which, instead of being limited to a very narrow range of 
temperature (which according to the best information as to the Sheffield 
practice was from 850° to 950° C.), enabled the operator to go to 1,150° to 
1,250° C. in the heating of the ingots. The result was a soft, ductile ingot, 
corresponding with a 20 per cent, carbon-steel ingot ductility. 

In 1912 the Edgar Allen Co. was still selling manganese-steel rails at 
approximately $250 per ton. In 1913 they took license under my 
English patents and immediately reduced their price on rolled manganese- 
steel rails to approximately $125 per ton. The American price for several 
years has been $80 per ton. 

J. W. Richards, So. Bethlehem, Pa. : — We probably all know that 
Mr. Potter has done more work than any one else in the United States on 
the rolling of manganese steel, and we all know, also, that Mr. Hadfield 
was the pioneer in the production of the metal, and that he certainly did 
forge and roll it a great many years ago. But the reading of his paper 
seems to confirm Mr. Potter’s statement that he minimizes the difficulties, 
and as the proof of the pudding is in the eating thereof, the fact that by 
Mr. Potter’s method manganese-steel rails are now being rolled and sold 
at less than one-half the price at which they were sold before his process 
came into use, would show that his methods are essentially a great 
improvement upon any previously known method of rolling this material 

Sir Robert Hadfield (communication to the Secretary*). — With 
regard to Mr. Potter’s remarks, I notice that he quotes a sentence of mine 
in which it is stated There never has been any real difficulty in obtaining 
forged, rolled, or pressed manganese steel.” As set forth in my paper, I 
again state that we in England have been rolling, forging, and pressing 
manganese steel as far back as the years 1887 to 1892, and have not found 
any special difficulties provided the ingots were made in a proper manner. 
Soon after the years referred to, among other articles, large quantities of 
dredger pins, all of which were forged, and of quite large diameter, 
3^ to 4 in., were produced. This was referred to in my paper to this 
Institute in 1893; that is, more than 20 years ago. In view of the fact 
that it was then possible for us to produce forgings and bars from ingots 
of small and large sizes, it wiU be seen that my assertion is thoroughly 
confirmed by the facts. 

According to recent statements in the technical press, it has only 


* Received Apr. 16, 1914. 
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just bsen recognizsd by thoss ii6w to this art that ths qusstion of making 
a suitable and satisfactory ingot is one of the chief points in connection 
with the successful production of forged and rolled manganese steel, a 
point which we in Sheffield have had in view during the last 20 years. 

As regards Messrs. Schneider’s remark that manganese steel could be 
readily forged and rolled, but that it requires care in manipulation, 
whether as regards heating or other portions of the process, this applies 
as much to-day as when the statement was made in 1907—1909. Xt will 
be admitted by all who deal with manganese steel that narrower limits of 
temperatures and methods of handhng must be employed in its working. 
There is less latitude as compared with ordinary carbon steel, and it is 
this which is the gist of the statement very correctly put forward by 
Messrs. Schneider, especially as they had in view the production of 
rails up to 12 m. in length, the accomplishment of which is even to-day 
not a matter of the greatest ease. This is so not merely on account of its 
being a rolling-mill question, but in connection with other portions of 
the work which is necessary to be carried out in the manufacture of these 
rails. There is therefore nothing in the statement made by Messrs. 
Schneider to which exception can be taken. 

In any case, however, as Messrs. Schneider definitely pointed out, 
they rolled manganese-steel rails in March, 1904, and in August, 1906, 
they rolled about 20 tons of these rails, of heavy section, 7 m. in length. 
Then, a few months afterward, 60 tons of manganese-steel rails were 
rolled, of heavy Vignole section, weighing 52 kg. per meter, and from 6 to 
no less 12 m. in length. These rails are still in service, and have 
given exceedingly satisfactory results, as referred to in my paper. As 
these were probably the first manganese-steel rails of large section ever 
put into service with satisfactory results, full credit should be given 
to Messrs. Schneider. Therefore there seems to be nothing special in 
the claims they make in the remarks quoted which might not at that 
time have been made by any one dealing with manganese steel in its then 
new application for rails. 

As is well known by those accustomed to dealing with manganese steel, 
one of the chief secrets of success is the careful handling during the first 
stages of the forging or rolling treatment. In other -frords, as Mr. Potter 
probably knows, if manganese-steel ingots are heated to temperatures 
such as those to which he refers, IjlSO” to 1,250° C., unless there is 
careful handling in the rolls, the results will be disastrous. For example, 
if the rolls are too severe in their draft, then, apart from the question of 
temperature or the manner in which manganese steel is heated, it will not 
be easy to obtain satisfactory product. 

It is of the highest importance that manganese steel when put to work 
should be perfect as regards its toughness, otherwise most disastrous re- 
sults may ensue. This is referred to because some of the manganese-steel 



MANGANESE-STEEL BAILS 


337 


rails produced in this country are stated not to have been satisfactory. 
This is mentioned in the American Railway Engineering Association's 
report for July last year, where it is stated that a number of rails put into 
use were while in service discovered to be broken. This is another proof 
that unless the manufacture is carried out very carefully, a point I have 
always particularly insisted upon, the use of this peculiar material, 
manganese steel, may prove dangerous. As is well known, manganese 
steel in its brittle condition breaks much more readily than carbon 
steel. It is also easy to have intermediate conditions in which under 
ordinary tests the material appears to be tough, yet, owing to imperfect 
heating and toughening treatments, it has a dangerous propensity to 
break with little warnin’;. Another point may be emphasized; namely, 
that if the toughening of manganese steel is carried on at too wide a range 
in temperature, the risk is run of serious breakages occurring sooner or 
later. In such case the material would be blamed, when it is not really 
at fault, but the incorrect methods of treating it. These facts have in the 
past been fully and specially emphasized in my various papers and other 
communications. 

With regard to the further remarks of Mr, Potter that there have been 
difficulties to overcome in dealing with this peculiar steel, this statement 
of course is quite correct. Others among us interested in the forging and 
rolling of manganese steel have at times not felt very happy in the past 
when visiting the scrap heap I In view of the facts previously referred to, 
it must be admitted that the problem was solved in England more than 20 
years ago; and as regards suitable methods for producing rails, these were 
fully set forth to the metallurgical world in 1903, as a result of experi- 
mental work which had been going on for some time previous to that 
year. For example, attention may be called to the fact that in a recent 
technical publication® it is stated that the method by which manganese- 
steel rails can be satisfactorily produced is ^'by using inverted molds 
(that is, ingots cast with the large end up and the small end at the bottom) 
with refractory tops, putting carbon on the top of the ingots after pour- 
ing, and keeping this in a state of incandescence with compressed air.’' 
If this system was not employed, the maker, it is stated, met with in- 
numerable difficulties in handling the fluid steel, or, to use the language of 
the article referred to, before using this device “We were making some of 
the most beautifully piped ingots you ever saw.” Methods of this 
nature and similar to those above describe^ have been urged by me ever 
since 1903, and full details have been set forth in my papers and other 
communications. Under the system my firm has made, in a most satis- 
factory manner, very large tonnages of perfectly sound manganese-steel 
ingots, and showing little if any more waste than ordinary carbon steel. 


*Troubleswith Manganese Steel voL xciii, No. 7, p. 447 (Feb. 12, 1914). 
VOL. L. — 22 
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Under the same system are produced carbon-steel ingots absolutely sound 
and free from piping. 

It is therefore no little satisfaction to find that if the article referred 
to in Iron Age correctly represents the facts, as no doubt it does, the 
successful production of manganese-steel rails in this country is being 
based upon the system described so many years ago. If this system is 
a success for producing ingots from which manganese-steel rails are made, 
may I not urge that it also possesses the same advantages for ordinary 
steel ingots from which carbon-steel rails are made. 

With reference to the statement that “Nine important steel com- 
panies in the United States, one in Prance, and two in England have 
wrestled with the heating of cast manganese steel,” I can only repeat 
that long before the date mentioned, 1901, we had wrestled, and this 
most successfully, with the art of producing rolled and forged products 
of this steel. It will be seen, therefore, that it is not possible to agree 
with the remarks made under this head, and it seems to me that others, 
in* the light of the above-mentioned facts, will take the same point of 
view. 

Reference is made to the efforts of those who were not the inventors 
of manganese steel, and therefore could not have been the first to produce 
it. It was probably not until some 10 or 12 years after my company 
produced this material in rolled, forged, pressed, and other worked 
forms, that the firms referred to produced the material which I discovered 
and first worked at between the years 1883 and 1887, before announcing 
to the world in my papers this discovery of mine. Therefore, at least 
15 years before 1901, the date when Mr. Potter says he first saw a bar 
of rolled manganese steel, my firm had been doing this, which was 
naturally so, seeing that I discovered the material. Moreover, in view 
of my papers to the Institution of Civil Engineers in 1888, and later 
to this Institute in 1893, and the references therein to the many tons 
of rolled bars, sheets, axles, tires, forgings and other forms of manganese 
steel, I am at a loss to understand why in the remarks referred to these 
evidences are overlooked. 

With regard to the temperatures used for forging and rolling, there 
is full and definite evidence on record that the early practice of dealing 
with manganese-steel ingots from the year 1887 and onward was to 
heat the ingots very much hotter than the temperatures to which Mr. 
Potter refers. He seems to have got an erroneous impression both with 
regard to the large quantities and as to the manner we in England have 
been rolling, forging and pressing manganese steel during the last 20 
years. I should be very glad to show him our experimental records, and 
am sure he would then see that many of the suggestions he makes were 
anticipated by our early work. He would also then see the very large 
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tonnages of forged manganese-steel work we have turned out from the 
year 1887 and onward. 

I should like to point out, with reference to the remarks of Professor 
Richards, that there seems to be some misunderstanding about the 
question of the work previously done with regard to reducing manganese 
steel by forging and rolling from ingots. May I once more emphasize 
that for more than 20 years rolling, forging, pressing, and otherwise 
manipulating manganese steel in forms other than those cast has been 
carried out on a large scale. Long before the year 1900 many thousands 
of tons of such forged and rolled products were manufactured and used. 
The methods of carrying out such work — that is, the temperatures em- 
ployed for rolling and forging — are practically the same to-day, 1914, 
as at the end of the last century. 

Moreover, in the paper presented to this Institute by the writer 
in 1893, entitled Iron Alloys, with Special Reference to Manganese 
Steel, full particulars and photographs are shown of manganese steel 
(a) forged into railroad axles, (6) rolled into railroad tires; also many 
other worked forms of this material. 

As regards the selling price, that is quite another matter. There 
were in former years many reasons why the selling price should not have 
been reduced, but the cost — and this is the important point — of working 
manganese-steel ingots into, say, billets, blooms, bars, or forgings was, 
as just mentioned, pretty much the same many years ago as now, ex- 
cepting of course improved machinery, such as more powerful rolling 
mills, presses, etc., effecting diminution in cost; this, however, would 
not make a large reduction in the cost. It would be quite possible to 
show the original costs of working manganese steel and compare them 
with to-day’s figures, in order to show that the above statements are 
correct; in fact, owing to higher wages and more costly fuel, probably 
there would be a slight increase in the cost. . 
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The American Steel-Rail Situation 

BT EGBERT W. HUNT, CHICAGO, ILL. 

(New York Meeting, February, 1914) 

One of the most serious and important economic administrative prob- 
lems facing American railway authorities to-day is that of their rails, and 
it is one to which much thought is being given, not only by the executive 
officers of the railways and the manufacturers of the steel rails, but also 
by State and National commissions. It is realized by many and ad- 
mitted by some that the present situation is one which cannot continue. 
The roadways of railways must be made more secure, or the weight of 
rolling stock and the speed of trains must be lessened; and the desired 
result must be attained with the minimum outlay of money, both in 
expenditure on plant and in cost of operation. If the investment per mile 
is too large, or through the lessening of tonnage and efficiency of equip- 
ment the cost of operation is too great, the desired and demanded cheap 
service cannot be rendered to the public. Therefore, the weight of 
equipment cannot be greatly reduced, and lessening the rapidity of service 
would be far from satisfactory; consequently, the safety of the roadway 
must be secured with the least practical outlay. 

It is imperative that the roadbed should be properly graded, with the 
fewest practically possible curves; that it should have good ballast, be 
well drained, have good ties properly spaced, and be laid with sound rails 
of suitable weight, efficiently joined together, and that the whole property 
be carefully and intelligently cared for. 

My province is to treat of the sound rails. 

During the last few years there has been renewed interest in and 
discussion of that question, and I know that many rail makers not only 
have been and are desirous of maintaining the highest standards of 
manufacture which they may have attained, but have been and are 
seeking to better their product, in several instances devoting much time 
and money to that end. At the same time, they realize that the cost of 
any improvement in quality which they may accomplish must be kept 
within certain commercial bounds; and that fact is as fully understood 
by their patrons as by themselves, and it should be kept in mind by all 
who discuss the question. 

As a matter of record, I present in Fig. 1 a summarized statement of 
what may be called the mechanical practice of the steel-rail mills of the 
United States and Canada. 
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It will be noted that the several works differ in their practice as to 
kind of steel, size of heats, size of ingots, kind of blooming and rail trains, 
number of passes in the rolls of both trains, and as to direct rolling into 
rails; also as to the details of the finishing departments of the several 
mills. In consequence of such variations, there are, of course, differences 
in the operating practice of the several plants. One thing that, in my 
judgment, has had a great effect upon the quality of the product of all the 
mills is that the workmen have been and are paid on a tonnage or piece 
basis, with, in some cases, an additional prospective bonus based on 
quantity of product. Unfortunately, after the produced rails had left 
the works, there was but little chance of the identity or individuality of the 
workmen in the different departments of the works, who made them, being 
connected with them. It is true that a number corresponding with that 
of the heat of steel from which they had been rolled, and the month and 
year in which they were made, and the name of the works, were branded 
on each rail, but to actually identify the steel maker ' who made the 
steel, the heater who heated it, the roller who rolled it, the shearman who 
cropped the blooms, etc., would have been a complicated and practically 
impossible proposition. One result was that if, for any reason, such as 
delays from accidents to machinery, etc., the quantity of product was 
threatened, there was temptation to in some way cut corners, the work- 
men knowing that if the rails were once out of the mill they need not 
worry over any individual responsibility, which feeling was simply human. 

In an endeavor to meet this and other phases of the situation, some 
two years ago I ventured the establishment of a system of more constant 
and thorough inspection of rail making than had been generally, if at all, 
practiced. In this movement I received the support at first of several 
and later of many of the railroad companies of this continent, and I am 
happy to say that I have also received the loyal support of the officials of 
the several steel companies. , This system of inspection I explained in a 
former paper, presented at the Cleveland meeting, October, 1912.^ 

I have repeatedly shown that without sound ingots there will not be 
any certainty of producing sound rails; and that, as each ingot is an in- 
dividual steel casting, some means should be adopted of testing for sound- 
ness the rails produced from each ingot; and until reliable ways of casting 
sound ingots are adopted the importance of such testing should not be 
overlooked or underestimated. It is possible to make sound ingots. It 
will cost more than the present practices; but is that a good argument 
against it? Whether that increased cost should be added to the selling 
price of rails. is a commercial question outside of the province of this 
paper. The increased cost of individual ingot testing is so small that it 
should not be a matter, of much commercial importance. 


^ Recent Developments in the Inspection of Steel Rails, Trans, ^ xliv, 269 (1912). 
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There is another feature of the situation which demands and is re- 
ceiving serious consideration from railway officers, consulting engineers, 
the steel works officials, and others. That is, the desirability, if not the 
absolute necessity, of increasing the weight of rail sections. A number 
of such sections have been designed, and some have been rolled, and the 
rails are in use; but there is a metallurgical feature involved which 
should not be overlooked. 

The experience of many railways has been that their earlier rails, 
which were of lighter sections, gave better service than the later heavier 
ones, and the track men will tell you that when they cut one of the old 
rails they found a close, fine-grained structure, while the larger rails show 
a more or less coarse one. The old lighter rails permitted the fining effects 
of the rolling to penetrate, and, the mass of metal in their heads being 
comparatively small, the effect of the interior contained heat passed off 
sooner. The foregoing conditions result in the webs and flanges of all 
rails having a finer structure than their heads; therefore, as we increase 
the size of 'the rail sections we will certainly decrease their proportionate 
strength, and under present manufacturing conditions the heavier rails 
will have less resistance to the abrasive wear of the traffic. Nevertheless, 
there seems to be a necessity for heavier rails, and so much the better, if we 
can also make them proportionately stronger. 

Excepting in the ability to roll rails by the use of fewer passes in the 
rolls, and to handle the operations mechanically and automatically, there 
have not been any radical changes in rail rolling. The plan of rolling 
reductions has remained much the same. Some experiments have been 
made, and various schemes have been proposed, but none of them are in 
active use. In my judgment, the present situation demands serious 
consideration, even though it should require very radical changes in the 
rolling machinery of the e.xisting rail mills. If we must have rails with 
more metal in their heads, as well as thicker webs and flanges, it is most 
important that the work of reduction and formation from the, say, 8 by 
8 in. section of the blooms shall be applied in a way to penetrate and fine 
the metal in the fail heads. I shall not here attempt to particularize 
the way, but no doubt a modification of the universal mill, vide the Gray 
mill for structural sections, will suggest itself as one possible way, and I 
know of several schemes which contemplate putting work on the top of the 
heads in addition to only the sides, as is the case with the present mills. 
If that must be accomplished to solve the problem, it can and will be 
done. 

Once more I emphasize the truth that the physical treatment of the 
metal is of at least equal importance with its chemical composition. 
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The Influence on Quality of Cast Iron Exerted by Oxygen, 
Nitrogen, and Some Other Elements 

BY J. E. JOHNSON, JR., NEW YORK, N. Y. 

(New York Meeting, February, 1914 ) 

At the Cleveland meeting of the Institute in October, 1912, 1 had 
the honor to present a paper outlining the conditions surrounding the 
charcoal iron industry, and giving some of the results of an investiga- 
tion started about three years ago for'the purpose of determining the 
reason for the poor reputation of the Lake Superior charcoal irons as 
compared with the Southern and Eastern irons. 

In that paper I explained the efiect of high carbon on quality, and 
tried to make clear that that paper was a preliminary one, as we felt 
convinced that we should eventually discover other factors affecting 
quality. 

The progress of the investigation has brought out facts that seem 
to us of the utmost importance practically and theoretically, and the 
purpose of the present paper is to present these facts with the proofs 
which seem to us to establish them. 

The closing year of the nineteenth century saw the publication of 
the first definite and connected statement of the relationship between 
the east irons and the steels.^ The metallurgical world was ready to 
accept the fundamental unity of these two series, acceptance being 
greatly hastened by Professor Howe’s classic paper, The Constitution 
of Cast Iron, presented at the Richmond meeting of the Institute, 
Eebruary, 1901. 

But the doctrine of chemical control of the quality of pig iron met 
some obstacles, small but exceedingly difficult of removal. The old 


^ See article, entitled The Chemistry and Physics of Cast-Iron Briefly Considered, by 
J, E. Johnson, Jr., published in the Amerwm Machinist of Apr. 6 and 12, 1900. In this 
article the continuity of the cast iron-steel series was set forth at some length and the re- 
lationships between soft cast iron on one side and soft steel on the other to white iron as 
the connecting link, were pointed out in detail, also the mechanical effect of the graphite 
in reducing the strength of the matrix, and many other matters now perfectly familiar 
to all 
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school of metallurgists, who knew but little chemistry, had always 
insisted that there were fundamental differences in quality which 
were not revealed by analysis. The more ardent advocates of the 
newer theory of chemical control ridiculed this view. Those whose 
position forced them to look for the facts from whatever source 
derived came gradually to believe that while the theory of chemical 
control was in a broad way correct, there were certain facts which 
this theory did not cover, and that the old-school metallurgists, while 
wrong in many of their notions, were undoubtedly right as to this. 

This view now seems to prevail among those best informed on the 
subject, and I shall not reiterate here the profusion of hard facts con- 
firming it, which any one may find for himself who will leave the 
beaten track of foundry work and investigate those by-paths in which 
special qualities of product are made. 

In our search for the explanation for these discrepancies, there 
seemed, after the most careful consideration, to be two facts which 
might be taken as established : 

1. That certain irons possessed a quality as they came from the 
furnace which was preserved on remelting, and which reappeared in 
castings of which these irons formed an important ingredient. 

2. That the rarer elements, such as nickel, cobalt, chromium, tita- 
nium, vanadium, and the like, while not absent from the point of 
view of ultimate analysis, were in such small quantity and varied in 
ways so entirely independent of the quality of the iron that the ex- 
planation could not be attributed to them. 

In spite of the certainty in our own minds regarding conclusion 1, 
and the amount of qualitative confirmatory evidence we had on the 
subject from innumerable users, we felt that there might be some 
hesitation on the part of others in accepting it, and we accordingly 
decided to make a series of tests which should, if possible, be so con- 
clusive as to admit of no dispute. 

"We took six irons constituting three pairs, the irons of each pair 
containing the same silicon (approximately) but having a very dif- 
ferent fracture and different strength, as shown by test bars cast from 
the furnace. The silicon of the three pairs was about 1.90, 1.00, and 
0.70 per cent. (See Table I., p. 354, for complete analysis.) We 
remelted these in twin crucibles, as will be described later, and cast 
test bars from the remelts. 

In addition to the silicon we determined the graphitic and com- 
bined as well as the total carbon in each iron, both before and after 
remelting. We also made photomicrographs of the original pig and 
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of a test bar from the remelt, both etched and unetched, for each of 
the six irons. We have arranged these in groups of eight, each rep- 
resenting one of the pairs. These show at the left the photomicro- 
graphs of the original iron ; at the right, those of the remelts. Above 
in each case are the good irons, below are the poor ones. Underneath 
the photographs are given the silicon, and the breaking strength of the 
1.25-in. bars. All of the specimens were taken from corresponding 
places in the pig or test bar, and are fairly representative of the 
structure as a whole. 

We believe that these data is this form will carry conviction to the 
minds of even the most unwilling, and that no one will ever be able, 
in the face of this evidence, to contend successfully that there is not 
some quality in iron which persists on remelting and is independent 
of its analysis for ordinary elements. 

In order to show quantitatively the relation between strength, com- 
bined carbon, and graphite, we made combined carbon determina- 
tions, by difference in all cases, on the 1-in. bars, but the greater 
chilling of 1-in. bars in the Medium IJIo. 8 iron threw the combined 
carbon far beyond the eutectoid ratio, and we did not think this con- 
stituted a fair comparison. W e therefore ran the combined carbon 
in all the 2-in. bars, taking the sample from the exact center of the 
broken face of the 2-in. bar, so as to make the results as nearly com- 
parable as possible in each case. These results are shown in Table I. 

In pair 1, silicon 1.90 per cent., the combined carbon in the strong 
iron was 0.65 per cent., and in the weak iron 0.78 per cent. The 
graphite in the strong iron was 3.40 per cent., in the weak iron 3.80 
per cent. 

In pair 2, 1.00 per cent, silicon, the strong bar contained 0.96 per 
cent, combined carbon, the weak iron 1.13 per cent. The graphite 
was exactly the same in both, 3.00 per cent. 

In pair 3, 0.70 per cent, silicon, the combined carbon in the strong 
iron was 1.20 per cent., in the weak iron 1.29 per cent. The graphite 
in the strong iron was 2.90 per cent, that in the weak iron 3,20 per 
cent. 

In every one of these eases it will be seen that if we take account 
only of the quantity of combined carbon as increasing the strength of 
the matrix and that of graphite as reducing the same, we shall get 
results exactly opposite to the actual ones, except as regards the 
graphite in pair 3, and even here the difference in favor of the strong 
iron is slight. It may be that the matrix is somewhat stronger in the 
strong iron, but inspection of the three sets of photographs with an 
unprejudiced mind will force one to the conclusion that the principal 



INFLUENCE OP OXYGEN, ETC., ON CAST IRON 


347 


reason for the difference is the shape and size of the graphite formed 
in the two cases, and that quantitatively this diScreuee is ample to 
account for the difference in strength. 

It seemed inconceivable that a quality which would survive remelt- 
ing and superheating to a point well above the fusion point, as in 
foundry practice, should be a purely physical quality. In other words, 
if one iron were better than another because cast at a lower tempera- 
ture, for instance, and for no other reason (both being identical in 
analysis); when both were remelted to the same temperature and 
recast under the same conditions, it is incredible that they would not 
lose the difference in quality due to this difference in original casting 
temperature. As the difierenee in quality evidently did persist in 
spite of remelting, it seemed to me necessary to believe that the dif- 
ference was a chemical one. 

The Explanation to Be Sought in the Common Gaseous 

Elements 

As a consequence of this conclusion and of the establishment to 
our satisfaction of the second fact above mentioned, that the less com- 
mon elements were not responsible for these differences in quality in 
general (though undoubtedly they exert marked induence in special 
cases), it seemed inevitable that some of the common elements, not 
ordinarily determined, must be accountable for these variations in 
quality. Of these, the most universally present in the blast furnace, 
oxygen, nitrogen, and hydrogen, are the most common and seemed a 
likely field for investigation. 

In regard to hydrogen, it was a very simple matter to test for its 
presence in the form of water vapor in the current of oxygen passing 
through the combustion furnace in carbon determinations, and ac- 
cordingly precautions were taken to see if any water vapor could be 
detected in the oxygen current, but with an absolutely negative result. 
This, of course, was not surprising in view of the small quantity of 
hydrogen in the hearth of the furnace compared with the quantity of 
nitrogen and oxygen present, and in view of the results of recent 
investigations along this line. All of the latter prove that while 
hydrogen is absorbed by iron with avidity at low temperatures, it is 
all driven off on raising the temperature to a point much below that 
of the blast furnace. 

There remained, therefore, as likely fields of investigation, oxygen 
and nitrogen. 
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Oxygen in Coke Irons 

Some metallurgists have taken the view that it was impossible for 
oxygen to exist in the presence of so highly carbonized a product as 
cast iron, and at so high a temperature as that of the blast furnace, 
but about 10 years ago I had made certain observations which seemed 
to me to indicate strongly the presence of oxygen in cast iron, and I 
did all that I could to get the matter investigated then by those com- 
petent to do the Avork. I wrote to a number of distinguished chem- 
ists and metallurgists, told them what I had observed, and begged 
them to take the subject up and follow it to a conclusion, I not being 
a chemist myself and having no chemist in my employ at that time 
capable of working the matter out. Some of those to whom I wrote 
were politely indifierent and others mildly interested, but too busy on 
other things to concern themselves with such an investigation. 

The facts observed at that time have a sufficient bearing on the 
present matter to justify their presentation here. 

The furnaces of the Longdale Iron Co., in whose employ I was at 
that time, ran continuously for many years on basic iron, with an 
absolutely constant ore mixture and with a blast temperature which 
was, to all intents and purposes, unvarying from one year’s end to 
another, 850° F. Careful and long continued observation of the 
appearance of the iron, and particularly of the small sample chill pig 
made at each cast, in conjunction with the analysis, taken wdth the 
working of the furnace itself and the character of the running iron, 
brought out clearly certain conditions which prevail to a certain 
extent at all plants, but not so conspicuously at those with less con- 
stant conditions. 

Marked differences in the fracture of the iron for a given analysis 
were observable according to whether the iron was “ wild ” on irreg- 
ular furnace conditions, or whether the operation was normal and 
the iron “ quiet.” 

On white irons, in good normal working condition of the furnace, 
the fracture of the chill pig was practically square, with clearly 
marked acicular crystals running perpendicularly from the chilled 
surfaces of the pig, even from the top in some cases, and clearly 
showing lines running from the center to the corners, these lines 
being where the sets of crystals from adjacent sides met 

On a “ wild ” iron of similar analysis the fracture was smooth, 
but conchoidal rather than square, with a complete absence of crys- 
tals radiating from the sides of the pig, and, of course, a correspond- 
ing absence of the interference lines of these adjacent sets of crystals 
running to the comers. 
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Irons with higher silicon when made on a smoothly running fur- 
nace had a comparatively slight chill. Such as there was showed 
strongly marked acicular crystals similar to those in the white iron, 
the grain quite open and the color light. "When made on a wild- 
working furnace, iron with approximately the same silicon had 
greater chill with absence of crystals, while the gray portion was 
exceedingly fine grained, and dark, almost purplish in color, so as to 
give it a velvety appearance. 

In coke practice a wild-working furnace is almost always associ- 
ated with higher sulphurs, and the irons last described, both white 
and gray, came to be cordially detested as showing, even in advance 
of analysis, high sulphur. 

It is a matter of much interest to observe that the white irons 
showed in an increasing degree, as they became wilder, cleavage sur- 
faces which were discolored with the blue, red, and purple “ oxide 
colors.” This was commonly attributed to oxidation by the absorp- 
tion of air into cooling cracks in the pig, but I have seen many cases 
when these surfaces could only be broken apart by the most tremen- 
dous sledging, and this never seemed to me to correspond with the 
idea of a crack of sufficient width to permit the ingress of air. 

These “ wild ” irons, particularly the harder ones, as they cooled, 
threw ofE a scale of considerable thickness, continuous at first and 
detaching itself from the surface of the pig in slabs frequently as 
large as one’s hand. Thinking that this scale might be an indication 
of something, I had it analyzed for sulphur, with the surprising result 
of finding only about one-third as much sulphur in the scale as was 
in the iron. 

After the chemist who made this analysis had left, I was discussing 
this remarkable result with his successor, who had been the assistant 
at that time. He told me that the analysis had been made by the 
evolution method, and that if the sulphur were in the oxidized con- 
dition it would not be given ofi by this method, causing a low result, 
and that it would be necessary to use the gravimetric or fusion 
method to obtain correct results in this case. 

On the first subsequent occurrence of this scale I accordingly had 
an analysis made by the latter method, with the result of finding, in- 
stead of one-third as much sulphur as in the pig, about three times 
as much. 

About this time Prof. E. D. Campbell, of Ann Arbor, published a 
paper describing the remarkable ability of the oxysulphides of iron 
and nickel to penetrate the solid walls of iron tubes. It then seemed 
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possible that this scale might be aa oxysulphide, which exercised 
this peculiar penetrating power to make its escape through the crys- 
tals of the solidifying pig, and gathered on its surface. 

If this were true, then the “ wild ” irons which showed this scale 
should contain some of their sulphur in the oxidized condition, and 
the results obtained by the ordinary volumetric analysis for sulphur 
would show a lower result in such irons than the gravimetric, whereas, 
in the irons on a normal working furnace (in the absence of titanium) 
a small and constant difference is found. Accordingly, it seemed 
that the difference between the volumetric and the gravimetric sul- 
phur should increase from normal iron to “wild ” iron. 

Quite a number of comparative analyses were made to determine 
whether this were actually true, and the results confirmed this theory 
to a remarkable degree. Of something like 12 irons picked to show 
either a high or a low difference between volumetric and gravimetric 
sulphur, according to the way the furnace was working, about 10 
showed the expected result. No record, unfortunately, has been 
preserved of this work, but I remember that in one ease the gravi- 
metric sulphur was 50 per cent, higher than the volumetric, the 
latter being 0.034 and the former 0.051 per cent., this being on a‘ 
particularly “ wild ” iron. 

Oxygen in Charcoal Irons 

When I first began making charcoal iron, the founder told me of 
“ special cylinder ” iron, which he described as “ an iron with a No. 2 
analysis and a No. 3 fracture, made when the furnace was coming up 
out of a scrape.” I asked to be shown a specimen of this iron, and 
being struck by its absolute similarity of appearance, to the “wild” 
gray iron made on a coke furnace under similar conditions, I was at 
once convinced that it contained oxygen and that the notion of its 
superiority to ordinary iron was an erroneous one ; and I condemned 
it without qualification. 

I was strongly of the opinion then that the more easily reducible 
the ore the better would be the iron, because the more thoroughly 
deoxidized it would be. This was very strongly the opinion of Wil- 
liam Wilkins, General Superintendent, and he accordingly bought 
some Mesabi ore of first-class physical structure, containing about 
7 per cent, of combined water; in other words, a fine limonite; and 
we made a test with this ore, substituting it for our regular Gogebic 
hematite, a little at a time. 

We had by that time instituted the making of test bars from every 
cast, and could observe directly the variations in the strength pro- 
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dueed by different conditions. We found that the strength of the 
iron fell steadily as the percentage of Mesabi increased, so that it 
dropped from 2,800 or 2,900 lb. on a 1.25-in. test bar to about 
2,400 lb. when we had on from 75 to 80 per cent, of the fine 
limonite. W e then took off the Mesabi, got the furnace back on to 
an all soft-hematite burden and repeated the experiment, with abso- 
lutely identical results. 

About that time my attention was called by another furnace-man 
to coke irons made on an all-limonite burden, which were of beauti- 
ful analysis, soft, open grained, and exceedingly weak. It then 
occurred to me that we had disliked the “wild” coke irons because 
they were generally associated with high sulphur, without regard to 
their physical characteristics, and, on thinldng it over, I realized that 
they were not infrequently exceedingly strong, tough irons; and 
finally it seemed to me likely that by reversing my former opinion 
absolutely we might perhaps get a theory which would conform more 
closely to the facts, and that it might be the presence of a certain 
amount of oxygen (in what form I do not pretend to say) that pro- 
duced certain characteristics as to fineness of grain, chilling qualities, 
strength, and toughness, which are so much desired. It is now more 
than two years ago that I began to work on this hypothesis with all 
the means at my command. 

I have previously mentioned a product virtually unknown at coke 
furnaces, which we call spongy !N^o. 6. This is an iron made on an 
exceedingly cold furnace, perfectly white, and filled with a mass of 
blow-holes so great as to occupy up to a half or even more of the 
volume of the metal. The walls of these blow-holes are as white as 
silver. The cause evidently is the descent into the hearth of a mass 
of incompletely reduced iron, which, mixing with the liquid iron 
already present, sets up an action almost like that in an open-hearth 
furnace. The silicon is removed down to the barest trace, 0.03 per 
cent, or so, and the carbon is then attacked and oxidized from the 
normal 3.60 to 4.00 per cent, down nearly to 3.00 per cent, in some 
cases. The iron, being very cold and low in carbon, is naturally 
very pasty and chills without giving a chance for the escape of the 
CO formed by the oxidation of the carbon. 

It was evident that this iron must contain a great quantity of 
oxygen, and that if this were really the cause of strength and the 
other desired qualities in iron it could be secured by making a mix- 
ture of this spongy No. 6 and a normal iron. Such a mixture was 
accordingly melted in the crucible, and test bars made therefrom 
showed results as strong or stronger than the best iron ever made 
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from the famace^ 1.26-ia. round bars on. 12-in. centers breaking up 
nearly to 5,000 lb. as against an average of about 8,000 lb. for normal 
irons. 

Attempts to Produce Special Iron at Will 

It then seemed that we had only to introduce oxygen into the 
hearth of the furnace to make an iron as good as the best. The 
easiest way to do this seemed to be to cause irregular working of the 
furnace and this we proceeded to try out by purposely distorting tne 
filling for several hours. We undoubtedly upset the regular running 
of the furnace, but the iron was no better, probably somewhat worse 
than before. We then put a medicine valve on the bustle pipe, filled 
it with mill scale and blew it into the hearth just before cast time, 
with little or no result, and such as there was, a detriment to the 
quality. This was repeated several times. 

We then began ladle experiments, heating iron ore and other kinds 
of oxides in the bottom of a ladle before cast time and running iron 
in on them at cast, stirring up the mixture and pouring test bars and 
sample pigs. By this means we did close up the grain of the iron 
and induced a paper chill (that is, a line of white no thicker than a 
piece of paper around the edge of the pig), which was not present in 
the regular cast, but when it came to improvement in strength and 
toughness there was little or none to be observed. 

During the early part of this investigation descriptions of the Lede- 
bur apparatus for the determination of oxygen in iron and steel as 
modified by the chemists of the American Rolling Mill Co. were 
published, and we bought a set of this apparatus and began direct 
determination of oxygen. This determination in the presence of 3 
or 4 per cent, of carbon is a very difierent matter from its determina- 
tion in steel, and it took some time to learn all the precautions 
necessary to secure low blanks and concordant results. 

This end, however, was attained in time. We first made a deter- 
mination of oxygen in some of the spongy No. 6 and found it to con- 
tain as high as 0.13 per cent. We then took cold-blast irons and 
special cylinder irons and found these to range as high as 0.07 per 
cent. We then took normal charcoal irons and found them to con- 
tain only about 0.016 per cent.; foundry coke irons and electric- 
furnace irons contained none at all. We were unable to secure 
samples of “ wild ” coke basic iron such as described above, but I 
have no doubt that analysis would show the presence of oxygen in 
this. 
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Method of Making Rbmelts 

As many of the data in this article are derived from tests of remelts, 
it seems desirable to state that all the remelts mentioned or tabulated 
in this paper are made in a “ coke hole,” approximately elliptical in 
shape so as to take two crucibles at once, and provided with two 
tuyeres at opposite ends of its long diameter, so that both its crucibles 
would be subjected to the same intensity of combustion, etc. In all 
cases where directly comparative results of a given treatment have 
been sought iron from the same cast has been used in each crucible, 
melted at the same time, and the two poured within a few minutes 
of each other; one with, the other without the desired treatment. 
We have endeavored to get two 2-in. square bars, two 1-in. square 
bars, and two 1.25-in. round bars, all east on end, from every such 
heat, hut not having a skilled molder on this rather difficult work, we 
have not always succeeded in getting a complete set of perfect bars. 
There is also, of course, a variation to be expected in these bars on 
account of the nature of the material and on account of their being 
industrial rather than laboratory or refined tests. 

Results of Rbmelts 

We repeated many times the experiment of remelting normal or 
even very poor (“spotted”) irons, with spongy iN’o. 6, and with the 
same result in every instance, an improvement in the strength up to 
50 per cent or more. 

We give in Table I. a summary of the results on the three pairs of 
remelts mentioned earlier, which shows their chemical composition 
and also the strength of the original iron and of the remelts. 

It will be seen that in every case those irons which were strong as 
they came from the furnace retained their superiority after remelting. 
It will also he seen that the good iron was in each case much higher 
in oxygen than the corresponding poor iron. To summarize, there- 
fore, we consider that we have proved the following facts : 

1. Strong, tough irons of high chilling qualities contain oxygen in 
appreciable quantities. Weaker irons of similar analysis contain less 
or no oxygen. 

2. Poor and normal irons may be improved beyond recognition by 
introducing oxygen into them. 

Experiments on Deoxidation 

As an additional proof that the actual cause of the increased strength 
of the strong irons was oxygen, we thought it would be well to try 
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the efiect of deoxidizing some of these strong irons with recognized 
agents used for that purpose. W e accordingly made various remelts 
of strong irons which we deoxidized in the crucible immediately be- 
fore pouring with aluminum in several eases and with titanium in one 
or two. The results are shown in Table II. The results of the first 
trials are given by If os. E 278, R 303, R 279, and R 304. They did 
not seem to us as conclusive as they should be and we came to the 
conclusion that the aluminum in particular, on account of its being 
so much lighter than the iron and in the form of fine shot, could not 
be properly mixed with the contents of the ladle to secure the desired 
result. We therefore made two additional remelts, R 305 and R 306, 
in which we used a piece of scrap aluminum, weighing about 1 oz., 
for each crucible holding 50 lb. of iron. This scrap aluminum was 
securely fastened to the end of a slender iron rod. It was thrust 
down to the bottom of the molten iron in the crucible and stirred 
around until all the aluminum was gone. The results in this case 
were decidedly more conclusive, as will be seen by the last two com- 
parative lines in the table, but even in this case the iron was not as 
weak as normal irons. We therefore determined the oxygen in the 
test bars and found it to be 0.018 per cent, in R 305, and 0.021 per cent, 
in R 306, thus showing that in spite of this drastic treatment the oxygen 
was not completely removed and accounting for the comparatively 
high strength of the iron even after the deoxidizing treatment. 

The results with titanium are confirmatory of the results with the 
aluminum. The strong irons deoxidized with about 1 oz. of 10 per 
cent, ferro-titanium per 50-lb. crucible were greatly weakened. 

We believe that these results may be taken as a final and conclu- 
sive proof that oxygen in some form not known or understood by us 
is accountable for the abnormal strength of irons whose analysis as 
regards other elements is normal. 

The Oohdition and Detailed Eefbcts of Oxygen 

As to the condition in which this oxygen exists, we know nothing. 
We have been unable to detect it with the microscope, and we can 
only assume that it is some oxide of very much lower degree than 
any with which we are familiar. 

Its effects seem to be two-fold; 

1. It makes the iron very much more sensitive to chilling influ- 
ences. One of these good irons if cooled normally will be only 
slightly harder than a normal iron, and on account of its fine, close 
grain will machine beautifully, but if the surface be chilled even 
slightly it begins to whiten up, and with a chiU of any strength 
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will be solid white at the edge, where a normal iron of the same 
silicon would show little chill, or none at all. 

2. The other principal effect is shown by the photographs. Figs. 1 to 
24, and consists in the extremely fine subdivision of the graphite in the 
strong irons, contrasting conspicuously with the large, coarse aggre- 
gates of graphite in the weak irons. Comparing these photographs of 
strong irons with those of malleable iron cast white and graphitized 
by annealing, one is struck with the resemblance, and it is easy to 
suppose that the effect of oxygen is to raise the solidifying point of 
the iron relative to the temperature of evolution of the graphite so 
that the latter, instead of being free in the liquid mass to assume as 
bulky a form as it chooses, can only form against great pressure and 
must therefore form in the most compact particles possible, which, in 
turn cannot coalesce into larger masses because of the resistance of 
the surrounding medium. These are purely scientific points outside 
the field of a commercial investigation, and beyond our power to 
investigate. 

A further condition which exists in these high-oxygen irons is that 
the tendency to form plates of eutectic and to form a spot in the 
center of the pig is entirely suppressed, no matter what the silicon of 
the iron may be, even with quite high carbons. We believe this to 
be a direct effect of the presence of oxygen, but as the total carbons are 
generally lower in the strong iron than they are in the weak ones, and 
as the tendency to form eutectic has been previously shown to depend 
on high carbon, we cannot absolutely prove whether its absence is 
the effect of the high oxygen content or of the low carbon content. 
Some of the strong irons, however, as will be seen from Table L, are 
quite high in total carbon; in fact, are as high as some irons in 
which distinct cleavage and corresponding weakness have been ob- 
served, so we feel practically certain that this highly beneficial sup- 
pression of eutectic formation is a third valuable consequence of high 
oxygen content. 

The unvarying association of high cleavage due to eutectic formar 
tion with low chilling power in weak irons, and of high chilling 
power with a suppression of eutectic formation in strong irons, leads 
one to wonder if there is not some connection between these phe- 
nomena; whether, in fact, the eutectic may not be unstable and tend 
to break down into ferrite and graphite with consequent absence of 
chill, whereas, the austenitic formation previously shown to be char- 
acteristic of good irons may tend to establish a stable equilibrium in 
the pearlite conditions with consequent higher combined carbon. 

These are merely suggestions for scientific metallurgists to con- 
sider, and discard or accept at their pleasure. > 
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Comparison of High Oxygen Oast Iron and Malleable 

Cast Iron 

Betuming for a moment to the resemblance of these high oxygen 
irons to malleable, it may well be that this resemblance is more than 
accidental. The best malleable iron is made in the air furnace 
rather than in the cupola, and in the air furnace the conditions are 
entirely oxidizing, while in the cupola they are very largely reducing. 
A bath of white, iron low in silicon at a low temperature in the oxi- 
dizing atmosphere of an air furnace might easily be capable of 
absorbing a certain amount of oxygen, which would tend to give a 
good strong white iron casting before malleablizing. 

It is a matter of common knowledge that good charcoal iron 
makes a far better raw material for the production of malleable east- 
ings than coke iron. On the other hand, there has been much 
trouble in the malleable industry from attempts to use spotted char- 
coal irons. (See discussion by Bradley Stoughton of my paper, The 
Efieet of High Carbon on Charcoal Iron.®) These are irons which I 
shall presently show are made under conditions tending not only to 
super-carburization but to thorough deoxidation, which, in fact, 
analysis proves to take place. 

Considering all these circumstances, it seems at least possible that 
good malleable castings are most easily made from high-oxygen 
charcoal irons, because the oxygen has the tendency to throw the 
carbon into the combined condition, and, therefore, give the neces- 
sary chill to iron high enough in silica to be “ live,” at the same time 
throwing any graphite which may form in the original casting into 
the nodular form, the same as that into which it is forced by 
annealing. 

The use of the air furnace does not completely replace the best 
grades of charcoal iron because its conditions are less favorable to 
the absorption of a large quantity of oxygen than the conditions in 
the hearth of a relatively cold blast furnace, which receives a certain 
amount of incompletely reduced iron sponge in the virtual absence of 
silicon, whose presence would prevent its absorption by the bath. 

Reason for Low Oxygen Content Ordinarily 

It seems desirable here to point out why it is virtually impossible 
to get much oxygen into an iron except when the furnace has been 
in a “ mess,” and to point out the relation between this fact and the 
commercial absence of irons of similarly high quality from coke fur- 
naces under the same conditions. 


^ Tmm.f xliv, 354 (1912). 
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Fig. 1.— Unetched. Fig. 2. — Etched. 

Magnified 100 diameters. 

Good Iron. Silicon, 1.90; Oxygen, 0.027 per cent. 
Breaking strength, 1.25-in. bar, 3,000 lb., 3,350 lb. 


Fig. 3. — Unetched. Fig. 4— Etched. 

Magnified 100 diameters. 

Poor Iron. Silicon, 1,88; Oxygen, 0.009 percent. 
Breaking strength, 1,25-in. bar, 2,500 lb., 2,900 lb. 
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Fig. 7.— Unetched. Fig. S.—Etched. 

Magnified 100 diameters. 

Kemelt. Silicon, 1.88 per cent. 

Breaking strength, 1.25-iii. bar, 2,6001b., 2,700 lb. 
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Pig. 9.— Unetched. Fig. IO.—Etched. 

MagnijSed 100 diameters. 

Good Ieon. Silicon, 1.05; Oxygen, 0.038 per cent. 
Breaking strength, 1.25-in. bar, 3,400 lb., 3,500 lb. 



Pig. 11.— Unbtchbd. Fig. 12 —Etched. 

Magnified 100 diameters. 

PooE Iron. Silicon, 1.00; Oxygen, 0.009 per cent. 
Breaking strength, 1.25-in. bar, 2,400 lb., 2,900 lb. 
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Fig. 13. — Unetched. Fig. 14, — Etched. 

Magnified lOQ diameters. 

Eemelt. Silicon, 1.05 per cent. 

Breaking strength, 1.25-in. bar, 3,800 lb., 3,700 lb. 


Fig. 15. — Unetchbd. Fig. 16.— Etched, 

Magnifiied 100 diameters. 

Ebmelt. Silicon, 1.00 per cent. 

Breaking strength, 1.25-in. bar, 2,800 lb., 3,000 lb. 





FiQ. 19. — Unexched, Fia 20.— Etched. 

Magnified IDO diameters. 

Pgoe Ikon. Silicon, 0.72; Oxygen, 0.009 per cent. 
Breaking strength, 1,25-in. bar, 2,600 lb. 
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Fig. 17. — Unetched. Fig. 18. — Etched. 

Magnified 100 diameters. 

Good Iron. Silicon, 0.70; Oxygen, 0.065 per cent. 
Breaking strength, 1.25-in. bar, 3,500 lb., 4,200 lb. 





■Unetched. Fig. 2^ 

Magnified 100 diameters. 
Remelt. Silicon, 0.70 per cent. 
Breaking strength, 1-25-in. bar, 4,150 lb. 


Fig. 23. — Unetched. Fig. 24. —Etched. 

Magnified 100 diameters. 

Remblt. Silicon, 0.72 per cent. 

Breaking strength, 125-in. bar, 2,7501b. 







ON CAST IKON 


Fig. 25. — Electeic Furnace Pig Iron. 

Magnified 100 diameters. 


Fig. 26.— Electric Furnace Pig Iron, 

Magnified 100 diameters. 
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Fig. 27. — Chrome, 4 per cent. Fig. 28. — Chromipbrous pig. 

Iron used as base was extra good special Note resemblance to spotted weak iron 

cylinder. Compare this with Fig. 14, in Fig. 27. 



Fig. 29. — Typical Spotted Iron. 

Poor Ibon (Spotted). Etched. Magnfiied JOO diameters. 
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The increase in the affinity of carbon for oxygen is well known to 
be extremely rapid with increase in temperature. The affinity of 
silicon for oxygen and the ease with which silicon may be oxidized 
by oxides of iron is similarly well known. When, therefore, we at- 
tempted to introduce oxygen into the iron by disturbing the regu- 
larity of the working of the furnace or by blowing in oxide at the 
tuyeres, we did introduce iron oxide into the bath; but, in the pres- 
ence of an ample supply of heat and incandescent carbon, this oxide 
was instantly attacked by either the silicon or the carbon and re- 
duced to metallic iron, which passed into the bath without effect. 
The same thing happened when we introduced heated iron oxide 
into a ladle full of iron. The oxide attacked the silicon in the bath 
and was reduced to metallic iron, with the oxidation of silicon to 
silica. Probably also carbon may have been attacked to some extent, 
but no oxygen ever became united with the iron of the bath because 
of the superior affinity which silicon and carbon have for it at these 
temperatures. 

It is, however, a well-known fact that once iron has taken up oxy- 
gen it is exceedingly difficult to remove it even with powerful deoxi- 
dizing agents. The steel makers, I believe, now recognize that they 
get occasional casts of iron of faultless analysis from which good 
steel cannot be made in the Bessemer or open-hearth furnace, no 
matter how much deoxidizer may be used, but these irons may be 
completely deoxidized and made into first-class steel in the electric 
furnace on account of its power to maintain a reducing atmosphere 
and an exceedingly high temperature for an indefinite period. 

OONDITIOITS FOR HiGH OxTGEN CONTENT 

It seems, therefore, that when the temperature of the hearth of the 
furnace has become lowered by the descent into it of a mass of relatively 
cold and imperfectly reduced material, this low temperature and the 
practically complete absence of silicon permit a certain amount of oxi- 
dized material to be dissolved in the bath in spite of the presence of 
more than 3 per cent, of carbon. It would seem as though this mate- 
rial were an imperfectly reduced iron sponge, which, either from a 
deficiency of heat or a deficiency of carbon in the hearth, had never 
given up its last traces of oxygen, but passed into the bath in this 
condition. This material, having once become incorporated with the 
iron, is not deoxidized by any ordinary subsequent reaction. 

If, now, the furnace be cast while this condition prevails we shall 
get spongy Ko. 6, but if the iron be held in the hearth until addi- 
tional fuel comes down and restores the regular operation of the 
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furnace, the normal iron so made will descend into the hath of spongy 
No. 6, will liven it up and impart silicon to it, and will, perhaps, 
reduce, but will not completely eliminate, the oxygen it contains. If 
the furnace be cast after these conditions have prevailed for a suffi- 
cient period, we shall get a cast of special cylinder iron. 

When we remelt a normal iron with the spongy No. 6 in a cruci- 
ble, we do no more than repeat on a small scale what the furnace 
does on a large scale when the conditions are right. 

Ooke-Fubnacb Conditions as Regards Oxygen 

In a coke furnace the conditions are entirely altered, because, as is 
universally understood, such a reduction in temperature with that 
fuel is almost inevitably accompanied by a rapid increase in the ab- 
sorption of sulphur by the iron, and this element seems to introduce 
a totally different set of conditions. 

This is probably the result of two facts ; 

1. That the hearth temperatures in coke furnaces are necessarily 
much higher than those in charcoal furnaces on account of the greater 
infusibility of their slags, and even after such reductions are far above 
that at which spongy No. 6 is found in charcoal furnaces. 

2. Because it seems probable that the sulphur combines with the 
oxygen and that the oxysulphide has a vastly different effect on the 
quality of the product from that of oxygen in the absence of sulphur. 

I do not wish to be understood as claiming that we have proved 
that oxygen will unite with sulphur when the latter is present to any 
considerable extent, and so form an oxysulphide ; for I have no direct 
proof to offer that this takes place. At the same time, the marked 
difference between the sulphur by the evolution method and that by 
the gravimetric method in “ wild ” coke irons, above described, seems 
to me a strong indication in that direction. Moreover, the wild coke 
irons seem to follow a different line of development from the wild 
charcoal irons ; for instance, spongy No. 6, which is not infrequently 
made at charcoal furnaces, is almost unknown at coke furnaces. 
Those who have made medium sulphur white irons in a coke furnace 
(“ basic ”) know that this iron when broken shows oxide colors on all 
the cleavage faces. These are so pronounced and brilliant (ran^ng 
from red to purple) as to eliminate the white appearance of such iron 
completely in some cases, and a very wild coke iron cast into a chill 
sample pig and cooled off quickly with water will break up into little 
cubes like dice, of which the faces are every color from purple to 
black, but praedcally never white. 
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These phenomena are practically never present in charcoal irons. 
The temper colors are rarely seen. The wildest of all the iron made, 
spongy No. 6, shows little or no tendency to break up into cubes, and 
in general there is but little resemblance between the two varieties 
of wild iron, whose only important difference, so far as known to me, 
is the considerable quantity of sulphur in the one and the small 
quantity in the other. 

In the course of close observation of coke iron extending over 
a number of years, I came to the conclusion that the effect of oxygen 
was to augment the effects of sulphur so that a wild iron with high 
sulphur was more objectionable; that is, weaker and more prone to 
break into small pieces by contraction cracks when hard, than an iron 
with the same sulphur but not made on a wild- working furnace. This 
view is not capable of proof by absolute evidence, for unfortunately I 
cannot offer any such as that with which I have aimed to support my 
more positive conclusions. At the same time, a conclusion of this 
kind based on years of careful observation has to my mind a certain 
value, and I am submitting it here for what it may be worth. 

The Heat Balances op Different Kinds op Furnaces 

It seems desirable to point out here certain factors concerning the 
heat balance of the* blast furnace with different fuels and different 
slags, as well as different blast temperatures, because they affect this 
problem vitally. 

By the heat balance I do not mean merely a statement of the total 
number of thermal units developed and introduced by the blast minus 
those carried out by the top gases, but a balance taking account of the 
quantities both of high-temperature and of low-temperature heat de- 
veloped in any furnace under given conditions. 

The theory that the blast furnace has a critical temperature, which 
is in effect the free-running temperature of the slag, and that the heat 
necessary for the hearth reactions can only be that available in cooling 
the gases formed at the tuyeres from their theoretical combustion tem- 
perature down to this critical temperature, seems to have been accepted 
widely enough to justify its use for making a more instructive heat 
balance. 

We have been able, ever since BelFs researches, or before, to 
calculate the total heat imparted to the furnace. By the use of 
this critical temperature theory we are able to figure the amount 
available for the hearth under any given conditions when the free- 
running temperature of the slag is known. It is obvious that there 
must be some 'more or less distinct relationship between these two 
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quantities of heat. A certain amount is necessary for the reduction 
of the ore and for bringing the iron and slag-forming materials up to 
the critical temperature. A certain farther amount is necessary for 
actually melting them and for the completion of the reduction process 
in the broadest sense. 

It is obvious that the ratio which these two quantities must bear 
to one another can only vary to a considerable extent through a great 
variation in the character or quantity of the slag, the nature of the ore, 
or some other fundamental variation of furnace conditions. 

I formerly called the high-temperature heat utilized in the hearth 
and bosh the “ available ” heat, but for the purposes of this discussion 
I now propose to substitute for this the term “ hearth ” heat, because 
I shall show that some of this available heat passes up out of the 
hearth and so becomes “ available ” in the shaft of the furnace, thus 
leading to confusion. The heat applied for purposes of reduction and 
preparation in the shaft of the furnace I have called “ shaft heat. I 
recognize the clumsiness of these terms and will accept with gratitude 
any better ones which may be offered. 

The hearth heat is found by adding to the heat of combustion of 
the fuel burned in the hearth that brought in by the blast, and 
deducting that required for the dissociation of the moisture in the 
blast and for raising the temperature of all the gases of combustion 
to the critical temperature. 

The shaft heat is the last-mentioned sensible heat in the gases of 
combustion, plus the heat developed in the shaft by the farther 
oxidation of the gases from the fuel by oxygen from the ore, less the 
sensible heat carried out by the top gases. 

Pyrometric observations carried on for most of the past three years 
have indicated the free-running temperature of charcoal slag to be 
about 2,300° P., as against about 2,700° P. for coke slags in ordinary 
practice. 

Comparing the results of the dry-blast coke run, published in James 
Gayley’s paper on that subject some years ago, with our own practice, 
I found that the coke furnace at Isabella was developing about 1,000 
thermal units of hearth heat per pound of iron, while in our practice 
at that time we were developing between 1,100 and 1,200, although 
our slag volume was only about one-half of that at Isabella. 

This surprising result, after careful consideration, could mean only 
one thing, that we were developing in the hearth more heat than was 
required for the operations of the hearth ; that part of the excess was 
expended in superheating the iron and slag above the temperature 
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necessary, the balance passing up into the shaft of the furnace and 
being utilized there, although at a lower temperature. 

An exhaustive calculation of heat balances in coke and charcoal 
furnaces in the sense above described, indicated very clearly that the 
limiting quantity of heat in the Lake Superior charcoal furnace was 
not in the heartb, as in coke furnaces, but in the shaft. This is 
borne out by the fact that a change in blast temperature of 300° or 
400° on such a charcoal furnace will only change the iron a couple of 
grades, whereas, in coke practice it would mean almost the difference 
between regular operation and “ chilling.” This is obviously for the 
reason that only a certain definite supply of hearth heat is necessary 
and after the heat of the blast has completed this supply any addi- 
tional heat in the blast serves only as additional shaft heat and the 
saving can only be reckoned in percentage of the total shaft heat. 
The saving is therefore only about one-fourth as great as that made 
by an equal quantity utilized as hearth heat. 

In the ease of the hot-blast charcoal furnace above described, the 
heat developed in the hearth is actually capable of taking care of 
much more ore, but the gases in the shaft are not able to reduce any 
more because they are cooled far below the temperature of possible 
reaction when they leave the top of the furnace, not infrequently to 
200° F. or below. For convenient reference let us call this Case I. 

The consequences of this condition are far-reaching and are diflS- 
cult to realize by those accustomed only to coke practice on lean or 
refractory ores, where every increase in the hearth heat corresponds 
to an exactly proportionate reduction in fuel consumption. In those 
furnaces there is always a great excess, either actual or potential, of 
shaft heat; that is to say, if the top gases are not themselves so hot 
as to be capable of much further action on the ore, they are so rich 
in carbon that they could be oxidized to a far greater extent with the 
oxygen from additional ore, if only the heat developed in the hearth 
were able to take care of the ore so reduced. (Case II.) 

These two types of furnaces, hot-blast charcoal, and coke with lean 
or refractory ores, represent two opposite types as far as their heat 
balances are concerned. The former has a relative deficiency of heat 
in the shaft, the latter in the hearth. 

There are two other groups of furnaces, the first of which belongs to 
one of these types, the second to the other. These are the coke fur- 
nace using rich and easily reducible ores, and the cold-blast charcoal 
furnace. 

In the latter the heartb b«*at developed per pound of fuel is only 



372 INFLUENCE OP OXYGEN, ETC., ON CAST IRON 

about four-tenths of that developed in the hot-blast charcoal furnace, 
so that while the amount of fuel used in these furnaces is much larger 
than that used in the hot-blast furnaces, the hearth heat developed per 
pound of iron is so much less than in that case as to make the heat 
balance like that of the coke furnace on lean ores ; that is, to make a 
marked deficiency in the hearth as compared with that developed in 
the shaft. (Case III.) 

The first group above mentioned, coke furnaces on rich and reduci- 
ble ores, embraces those furnaces making the greater portion of the 
pig iron output of the country. They are in general well equipped 
with stoves and it is notorious that it is often impossible for them to 
use all the heat that they can get, because the operation of the fur- 
nace is deranged by anything more than very moderate blast temper- 
atures. These furnaces, on the other hand, work with very cold 
tops, the gases commonly passing off at a temperature well below 
that at which any reaction on the ore can occur, no matter how rich 
the gas. (Case IV.) 

These two facts may be taken as a proof, in a practical way, of the 
correctness of the results of an accurate calculation of the heat bal- 
ance, which shows that in these furnaces there is generally an excess 
of heat in the hearth. 

The Effect of Different Types of Heat Balance on Quality 

OF Iron 

Since the quantities of carbon and of oxygen present exercise so 
large an influence on the quality of the iron, it is worth while to 
examine the conditions in these four cases with a view to their effect 
on these two elements. 

We know but little about the laws which control the absorption of 
carbon by the iron, but two facts are established : 

1. The greater the quantity of carbon the greater the opportunity 
for saturation at the given temperature and the more rapidly satura- 
tion will occur. 

2. The higher the temperature the greater the degree of saturation 
possible. 

We also know, in a general way, some of the laws of deoxidation, 
of which two may be roughly stated as follows : 

1. The greater the exposure to carbon the more complete the deoxi- 
dation at a given temperature. 

2. The higher the temperature the more complete the deoxidation 
vdth a given exposure to carbon. 
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Case I. A poorly working hot-blast charcoal furnace in which 
poor distribution, or other irregularity with consequent imperfect 
reduction, is sought to be overcome by high blast temperatures and 
high fuel, furnishes the two conditions most favorable for complete 
deoxidation and high carburization, leading to a hyper-eutectic iron, 
with its consequent tendency to form eutectic plates and lose its 
strength thereby. It is under these conditions that we obtain the 
“ spotted ” irons of well-deserved bad reputation. 

The obvious corollary to this is that when we have a regularly work- 
ing furnace with a minimum of sudden changes and calls for extra 
heat to keep it out of trouble, we shall make a better grade of iron. 
In other words, good furnace work is the first requisite to high qual- 
ity. In addition to this we can cut down our blast temperature, 
which, as is well understood, reduces rapidly the hearth heat devel- 
oped per pound of fuel, until we reach a point where both sides of 
,the thermal equation balance, and at this point we shall have the 
lowest hearth temperature and the lowest degree of superheating of 
the iron and cinder, combined with a comparatively small volume of 
fuel in the hearth. 

Further, the inferior quality obtained by our experiments with the 
easily reducible fine limonite from the Mesabi tends to show that a 
quantity of hearth heat which may not be too great to give good 
quality with one kind of ore is excessive for a more reducible variety 
of ore. 

Case n. The coke furnace, on lean or refractory ores, sufiers 
chronically with a deficiency of heat in the hearth. The hearth tem- 
perature and that of the iron are closely controlled by the free-running 
temperature of the slag, and there is little or no superheating. 

(Superheating is used in this discussion to mean heating above the 
free-running temperature of the slag.) 

On the other hand; we have a higher temperature and a much 
greater quantity of fuel in the hearth than in the hot-blast charcoal 
furnace. 

These two factors tending to more perfect deoxidation ofiset the 
advantage (from the quality point of view) of having a deficiency of 
heat in the hearth and these irons are accordingly not so good as 
charcoal irons; but that they may occasionally contain oxygen is, in 
my judgment, abundantly indicated by the evidence I have cited, and 
the fact of their high reputation among coke irons in the foundry 
trade for the desirable qualities of strength, toughness, and density of 
grain is too well established to be gainsaid. 
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This ease represents, in a general way, Eastern and Southern coke 
irons, and the premium which these command in the open market is 
a sufficient proof of their superiority to the ordinary coke irons made 
from the Lake Superior ores. 

Case III. The cold-blast charcoal furnace uses a considerable quan- 
tity of fuel, but so little hearth heat is developed from it that a 
chronic deficiency exists. Eor this reason these furnaces run con- 
tinually on the brink of disaster. Their slag is heated barely to 
the point where it can be removed from the furnace with the 
assistance of hooks, hence their hearth temperature is so low that 
deoxidation, even in the presence of the considerable volume of fuel, 
cannot be complete, consequently the irons of this variety that we 
have analyzed always contain considerable percentages of oxygen 
and are well known to have the highest chilling qualities and strength 
obtainable with any iron. At the same time, these irons have an 
ample opportunity for absorbing carbon, and as a matter of fact, those 
we have analyzed run quite high in that element, frequently around 
4.00 per cent. But the detrimental effects of this are eliminated by 
the presence of oxygen. The latter, as above mentioned, seems to 
prevent the formation of the eutectic, which causes weakness in high- 
carbon irons when low in oxygen. 

Case IV. Coke furnaces on rich and easily reducible ores have fre- 
quently a surplus of hearth heat (as indicated by the inability of the 
furnace to use a higher blast temperature), a volume of fuel in the 
hearth not much less than that of the lean-ore coke furnaces, and a 
degree of superheating of their product which is very striking to the 
eye of one accustomed only to the corresponding temperatures in 
Case II. 

These are obviously the conditions which lead to the most complete 
deoxidation and the highest degree of carburization, therefore to 
poore.st quality. 

The “ rottenness ” of castings made from ordinary Bessemer iron in 
the Lake ore district, especially since the introduction of large per- 
centages of highly reducible Mesabi ore into their mixtures, is ac- 
cepted as a matter of lamentable but unavoidable fact by those who, 
like steel-works engineers, have to use such castings exclusively. 

Beviewing all four of these cases, we see that they fall naturally 
into two quite distinct classes : 

1. Those furnaces which generate more hearth heat than they can 
utilize in the hearth and whose controlling limitation to fuel economy 
is the amount of heat they can develop in the shaft. These conditions 
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lead to superheating the iron and furnish the best conditions for com- 
plete deoxidation and supercarburization. To this class (which we 
will call for convenience Class I.) belong the hot-blast charcoal furnace 
and the coke furnace on rich and easily reducible ores, 

2. Those furnaces which have a relative deficiency of heat in the 
hearth and which generate, either actually or potentially, more heat 
in the shaft than they need. These furnaces do not in general super- 
heat their iron and have a tendency to work cold in the bottom, the 
condition most favorable to preventing complete deoxidation and 
supercarburization. To this (Class II.) belong the coke furnace on 
lean or refractory ores and the cold-blast charcoal furnace. 

The iron of Class II. made with either kind of fuel is superior in 
reputation and test to the iron of Class I. made with the same fuel, 
but charcoal iron has two vast advantages over the coke iron in 
both classes: 

1. Because of the absence of any considerable amount of sulphur, 
which can mask or destroy the beneficial action of the oxygen. 

2, Because the critical temperature is so much lower than that of a 
coke furnace under the best conditions, because the charcoal furnace 
does not suffer under the necessity of using the calcareous and rela- 
tively infusible slag necessary for desulphurization in coke practice. 
This gives charcoal iron the possibility of securing always a lower 
degree of carburization and a higher oxygen content than is possible 
with the coke furnace, but this possibility has in the past often been 
wasted because quality has been largely disregarded in Lake Superior 
charcoal iron until within the past three years. 

Moreover, it is only as the result of the present investigation 
along two lines simultaneously, the complete chemical analysis of 
the difierent qualities of iron, particularly for carbon and oxygen, 
and the detailed investigation of the heat balances of difierent con- 
ditions of furnace operation, showing how these afiect deoxidation 
and carburization, that it has been possible to reach these conclusion?, 
which seem to me to reconcile practice and theory to a greater extent 
than has been possible hitherto. The possibilities which the discovery 
of these facts offers for improvemept in the quality of charcoal iron 
will be seen to be enormous, and those w'ho have used these irons for 
many years seem willing to admit that we have already effected much 
improvement. 

In accordance with the two principles of not using an excessive 
blast temperature and of using an admixture of an ore even less re- 
ducible than our normal supply, we have been able to make irons of 
the chilling grades closely approaching “ special cylinder ” in quality 



376 


INFLUENCE OF OXYGEN, ETC., ON CAST IRON 


in the regular operation of the furnace and without having to await 
“ a mess ” to produce it. These irons we believe will equal the best 
that can be made at the Southern and Eastern furnaces, except those 
using cold blast. 

The electric pig iron furnace furnishes an extreme case of a furnace 
running with an excess of heat in the hearth. Authoritative figures 
for the furnace at Trollhatta give its consumption of charcoal as 
about 800 lb. per ton, while the electric current consumed is equiva- 
lent to about 2,500 thermal units per pound of iron against 1,000 for 
a coke furnace making a much larger slag volume. 

The characteristic of the electric furnace is that the temperature of 
application of its heat may just as easily be high as low. Nearly all 
the heat in these furnaces is generated in the hearth and the excess 
not needed there is carried uj) through the charge column by the 
gas, and only a slight amount is produced by additional oxidation by 
oxygen from the ore. 

These conditions lead to enormous superheating of the iron and to 
consequent perfect reduction, in spite of the relatively small quantity 
of fuel present. The result of this complete deoxidation and of the 
excessive temperature at which these irons are made is a very high 
degree of carburization, a practically complete absence of combined 
carbon j excessive quantities of graphite and the latter extending in an 
almost continuous network through the iron. 

This, in conjunction with its low combined carbon, makes it ex- 
ceedingly weak. I am informed on the authority of S. T. Wellman 
that this iron as it comes from the furnace has a tensile strength of 
only about 18,000 lb. 

In Figs. 25 and 26 are shown photomicrographs of electric fur- 
nace pig iron, etched and unetched, which are reproduced here from 
Chmieal and Metallurgical Engineering through the courtesy of H. M. 
Boylston, of Boston. 

_ These photomicrographs show the same characteristics as the poor 
charcoal irons, but in a more exaggerated degree. 

This furnishes a complete confirmation of what has been said above 
concerning the furnace conditions under which good and bad irons 
are made. 


High vs. Low Carbon 

Just here it seems worth while to say a word concerning the relar 
tive merits of high carbon and low carbon, about which there has 
been no little dispute, and concerning which but little appears to be 
known further than that some customers insist on having high carbon 
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irrespective of anything else, whereas, others want the carbon as low 
as they can get it. 

The difference appears to lie in the use to which the iron is put. 
If it is to be chilled, then the more carbon present the greater the 
percentage of cementite in the chilled portion and the harder the 
latter will be, other things being equal. The absence of a sufficient 
amount of carbon from chilled castings made with a large percentage 
of steel scrap may well be one of the causes for the poor reputation 
of such chilled eastings as compared with those made with low- 
silicon charcoal irons. 

If, on the other hand, a special iron be desired for strength and 
closeness of grain (but not chill), as in steam or gas engine cylinders, 
the higher the carbon the worse it makes matters, because the strong- 
est mixture must be one containing approximately 1 per cent, of 
combined carbon, and the greater excess there is over this amount 
the greater will be the amount of graphite, with its tendency to gather 
into larger aggregates as its quantity increases, so diminishing both 
the strength and the tightness of the casting. 

The Effect of Other Elements 

During the course of our investigation the effect of various other 
elements besides oxygen was investigated also, and the results are 
believed to be worth recording here, though of less importance than 
those on oxygen. 

Nitrogen 

Analyses for this element by the customary method met with a dif- 
ficulty which greatly delayed the investigation along this line. The 
hydrocarbons formed by the solution of the sample in hydrochloric 
acid passed over into the Hessler solution and gave it a milky, yel- 
lowish appearance, making comparison of the color with that of a 
similar tube containing pure ammonia impossible. This difficulty 
was finally overcome by adding potassium permanganate to the acid 
solution and boiling it for a considerable while, then overneutralizbig 
with caustic soda and boiling further to drive over the ammonia. 
We found various quantities of ammonia, which, calculated back to 
nitrogen, amounted to about 0.01 per cent, as a maximum, with 
quite wide variations. Q-enerally, the highest quantities were present 
in the irons made on the coldest furnace, but we seemed unable to 
g^t any definite relation between nitrogen and quality. 

We then made twin remelts of various irons, as above described, 
using the same irons in both crucibles, but adding a considerable 
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quantity of potassium cyanide to one of the crucibles a short time 
before pouring. The effect on the chill block cast from these remelts 
was distinctly marked, increasing the chill and the fineness of the 
grain and giving a purplish appearance to the zone between the chill 
and the gray ; but the strength of the bars was not materially affected, 
even by greater quantities of nitrogen than we had ever found in the 
iron from the furnace, and we reached the conclusion that the effect 
of nitrogen was not of much industrial importance in cast iron. 

n -. 

It occurred to us that this compound might exist in the iron, as 
its presence in the hearth and bosh of the blast furnace has often 
been proved. We made analyses by several different methods which 
should have shown any cyanide if present, but with a purely nega- 
tive result 

Phosphorus 

Two twin remelts were made, as above described, using as a base 
in one case a spotted iron, in the other a special cylinder iron. To 
one crucible in each remelt was added enough ferro-phosphorus to 
raise the percentage of this element to about 0.6. The chill was 
markedly increased in the special cylinder iron, which is more nota- 
ble in view of the normal high chill of these irons. 

The iron was quite low in silicon, so that the chill block was chilled 
clear through in both cases, but the quality of the phosphorus chill 
was far better to the eye than that of the straight remelt. There was 
a marked reduction of the size of the crystals and a tendency to pass 
from the flat and crystalline to the eonehoidal and smooth fracture. 
The strength was increased about 20 per cent, in the poor iron and 
about 5 per cent, in the good iron. The results are shown in 
Table HI. 

We find here again that remarkable relationship between high chill 
and strength upon which I have so frequently commented. 

The obvious explanation is that the iron with a higher combined 
carbon is the stronger within wide limits, but that this does not tell 
the whole story in all cases is conclusively proved by the results of 
Table I. above cited. 

In the case of phosphorus the ultimate reason for the effect- is as 
little known to us as in the ease of oxygen, but we may make a sug- 
gestion. The effect of phosphorus in increasing fluidity is so well 
known as to need no comment here. This presumably means lower- 
ing the freezing point of the last-freezing portion; that is, the euteo- 
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tic, in case the iron has a tendency to form a eutectic. Lowering the 
freezing point of this constituent would give a better opportunity for 
the first-freezing austenitic constituent to solidify and knit itself to- 
gether 80 as to resist penetration by the plates of eutectic and to force 
the latter into small isolated pools of approximately equal dimensions 
in all directions j instead of permitting its formation into plates of 
great length and breadth, but little thickness. 

It is easy to detect the presence of the phosphide eutectic in irons 
containing 0.50 per cent, or more of this element, and the structure 
of this eutectic, judging by its appearance, seems to be very different 
from that of the carbon eutectic. It is, in fact, very much more like 
pearlite. This also is probably an element of strength to the mass as 
a whole. 

These hypotheses are not intended to be taken as statements of 
facts, but only as suggestions, which scientific investigators may attack 
at will and confirm or disprove according to the evidence. 

I have previously mentioned the fact, first brought to my attention 
by R. "W. Durrett, that phosphorus has a strong influence in reducing 
the total carbon of the iron. This may come from an effect similar to 
that of silicon in simply crowding out any excess, or it may be due to 
increased fluidity, which permits the iron to melt at a lower tempera- 
ture and escape from the superheating and carbonization conditions 
above the tuyeres more quickly. 

Chromium 

Two twin remelts were made with chromium, using special cylinder 
iron, the same as No. 277, as a base. In one case there was added to 
one of the crucibles enough chromium to raise the percentage of this 
element to 2.18 per cent. ; in the other to 4.00 per cent. The results 
are given in Table IV. It will be seen that the strength is but slightly 
increased over that of the same iron untreated, while the combined 
carbon is very materially increased, as shown by the chill and by the 
fracture of the bars. The chill, of course, was increased also, but not 
to the extent we had expected with these percentages. An interesting 
fact is that the fractures of the test bars showed under the microscope 
the eutectic structure so fully illustrated last year in connection with 
spotted and high cleavage iron, as shown by Fig. 27. This may be 
compared with Fig. 14, although the original iron of the chromium 
remelt was considerably better iron than that of Fig. 14 ; incidentally, 
the oxygen was also much higher. 

"We secured for examination a pig of an iron now being recommended 
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for its chill and strengthening qualities on account of its chromium con 
tent, and were struck at first glance by the presence of a white spot ir 
the center of the pig. W e accordingly made a photograph of the iron 
from an edge of this pig, Avhich is shown in Fig. 28. Beside it, Fig. 
29, is reproduced Fig. 5 from my paper of last year. The conclusion 
seems irresistible that while chromium throws carbon into the com- 
bined condition and therefore increases the strength within certain 
limits, it also causes the formation of a eutectic similar to, if not 
identical with, that which forms in high-carbon irons. Reasoning by 
analogy, as well as by results from the test bars, with their relatively 
insignificant increase in strength for a very considerable increase in 
combined carbon, we seem justified in believing that while chill and 
some strength may be secured by the addition of chromium, it will 
never be possible to obtain simultaneously by this means all the quali- 
ties for which the better grades of charcoal iron are in demand. These 
qualities we now attribute to their high content of oxygen; the high 
temperature and strong deoxidizing conditions necessary for the re- 
duction of chromium are, to say the least, unfavorable to the simultar 
neous presence of this element and of oxygen. 

Manganese 

By a fortunate chance we have had to make for commercial reasons 
two or three runs on an iron of much higher manganese than common ; 
in one case going up to standard spiegel. On each occasion when the 
manganese has risen somewhat beyond 1 per cent, we have been able 
to perceive at once in the chill blocks and test bars made from the 
cast an increase in chill and an increase in strength, but the chill is 
of the high-cleavage variety and is accompanied by high carbon, as 
is well understood in the case of spiegel. An examination of the 
shining plates of spiegeleisen (“looking-glass iron”) will show those 
interested the high-cleavage structure to which I have so often 
alluded ; in fact, on the broken ends of some pigs of this material 
plates scarcely thicker than a sheet of writing paper and almost as 
large as one’s thumb nail may be seen sticking out from the body of 
the iron. These we take to be the eutectic of iron, manganese, and 
carbon, exactly similar to those already described for high carbon and 
for chromiferous irons. 

Reason foe Pooe Quality of Manganese and Oheome Chills. 

It seems likely that this characteristic structure may account for 
the poor wear given in service by chilled objects made with ordinary 
irons and ferro-manganese or ferro-chrome additions. 
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In car wheels it is well understood that the strength and chill pre- 
scribed by the Master Car Builders can be obtained by this means, 
but it is also a matter of sorrowful knowledge to the railroads that 
tliese wheels will not give the wear in service obtainable from wheels 
made of good charcoal iron, and that shelling out is their great 
weakness. Their structure is fundamentally one composed of these 
flat plates massed together, but not interlaced, because they seldom 
penetrate one another. It is natural that under the combined stresses 
of temperature due to braking and the rolling stress due to moving 
contact with the rail, separation should occur along these cleavage 
planes at points some little distance removed from one another, and 
that these cleavages should eventually come to form the boundaries 
of a section of tread, which becoming more and more loosened finally 
becomes detached altogether, causing a shell-out. 

The same thing applies to the surface of chilled rolls but not 
to the same extent, because the intensity of stress per unit of area is 
less severe. 

Conclusions 

1. Irons which contain oxygen to a considerable extent, in a form 
as yet unknown, are stronger and tougher and have better chilling 
qualities than irons containing less of this element, but of the same 
analysis in other respects. 

2. Irons may contain a sufficient quantity of carbon to make them 
rotten and worthless through the predominance of the eutectic 
structure when deficient in oxygen, and yet, when they contain a 
considerable quantity of oxygen, be entirely free from this structure 
and of excellent quality. 

3. Furnace conditions control whether the carbon shall he below or 
above the eutectic ratio and the presence of much or little oxygen, 
the two dominant factors in the fundamental quality of the iron j that 
iron, broadly, being the best which is made at the lowest temperature. 

4. Charcoal irons can be made at temperatures several hundred 
degrees lower than are practicable with coke and have a great possible 
advantage in that respect. This is largely wasted without good fur- 
nace work in the broadest sense. 

5. Phosphorus up to 0.50 per cent or more exercises a beneficial 
influence on the strength of the iron and the depth and character of 
the chill. Phosphorus also has a tendency to reduce total carbon. 

6. Aluminum and titanium tend to reduce the strength and chilling 
power of the iron by removing its oxygen, but titanium may have 
au influence independent of this on account of its removing nitrogen 
also. 
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7. Chromium and manganese have an almost identical effect in 
raising the total carbon and throwing it into the combined condition. 
The latter increases the chill and the strength, but the combined car- 
bon so produced is in the form of eutectic plates, which deprive the 
iron of much of the strength which it would have with the same 
combined carbon in the absence of these plates. 

8. Chill produced by these elements cannot be expected to have 
the same wearing qualities as that produced by elements which do 
not further the formation of flat plates of eutectic. 

This paper would not be complete without some acknowledgment 
of the valuable collaboration of L. Selmi, Chief Chemist of the Ash- 
land plant. Mr. Selmi made all the sections and photomicrographs 
used in this paper, made most of the analyses, and gave the work his 
interest and co-operation in every way. 

Discussion 

Richard Moldenkb, Watchung, N. J. — am very deeply interested 
in Mr. Johnson’s paper, as I have been working on the same subject for 
over 20 years. The paper is a difficult one to discuss, as there is so much 
in it that agrees with our experience, and again certain things that are 
diametrically opposed to what good foundry practice has indicated as be- 
ing the case. 

I must thank Mr. Johnson for proving so clearly the actual presence of 
oxygen in cast iron, as I have been claiming this for years as the cause of 
most of the foundryman’s troubles on the iron end. It looks somewhat 
dubious to the chemist to claim the presence of even small percentages of 
oxygen where the carbon runs up to, say, 4 per cent., and hence steel 
metallurgists cannot see it. Now, however, that the analyses given have 
corroborated my own results along defective malleable practice, the 
presence of oxygen in high-carbon irons will be more readily believed. 
My own analyses and investigations make me believe the oxygen to be 
present in Fe 304 dissolved or in some way present in the bulk of the metal. 
Mr. Johnson describes flakes of iron oxide coming out of the molten 
metal, to the top, and that explains a lot to the foundryman who deals 
only with the remelted pig iron. 

I made some 14,000 analyses of low-silicon, high-carbon cast irons, 
pouring the samples into shot over a pail of water, picking out good pieces, 
about pea size, and perfectly bright and clean. When crushed and dis- 
solved in the mixed acids for the silicon determination, no graphite being 
present, I noticed many years ago that whenever we had a bad run of 
metal — even with the proper chemical composition — ^there would appear 
on the bottom of the evaporating dish small black particles of what turned 
out to be the above-mentioned oxide of iron. Sometimes these periods 
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of poor metal ran for months, and the study of the problem finally devel- 
oped the fact that a radical reform in the melting of the malleable mixtures 
was required, so that an oxidation of the metal could not become too 
serious. Short heats, careful piling of the charges to insure this, and 
arranging the bottom to prevent feather-edged baths, accomplished the 
result, gave far stronger and more perfect castings than were ever ob- 
tained before; and hence oxygen was kept out by every means possible. 

Mr. Johnson, however, is perfectly right in stating that oxygen gives 
a harder iron. The chill becomes deeper. It makes the metal set 
quicker, and hence from the standpoint of hard castings the presence of 
high percentages — comparatively speaking — of oxygen in the iron is de- 
sirable. Unfortunately, however, the presence of oxygen allows the 
opportunity for a reaction with carbon, forming gas, which means pinholes 
and gas pockets in the . = t ' • g ^ . These will be found just under the cope, 
or upper part of the castings, and, when in castings that can be machined, 
present a sorry spectacle after an eighth of an inch of the skin is removed. 
The raising of the freezing point of the metal, making what is called a 
“dead,” or lifeless, iron, means that when poured the metal in the gates 
sets so fast that before the casting has time to be properly fed full of 
metal the gates are frozen, and the casting is full of shrinkage spots. 
Occasionally in very highly oxidized iron the metal sets so fast with the 
slight lowering of temperature that molds are short-poured, and ladles 
are skulled up badly. These are the objections to what looks like an 
advantage at fiirst glance. 

I further think that Mr. Johnson’s tables of analyses have a weakness 
in the carbon determinations that leads to defective conclusions. The 
sample for combined carbon has been taken by drilling into the center of 
the test piece, thus getting the core only. The right way would have been 
to drill from the skin to the center and use all the drillings for the analy- 
sis. By getting the core only, the possibly heavier percentages of com- 
bined carbon near the surface, when comparing high with low oxygen 
samples, with identical core results, would be lost. Hence I cannot agree 
to his conclusions, for the stronger metal shown as due to higher oxygen 
content might just as readily have come from other causes, such as lower 
silicon with higher combined carbon nearer the skin, etc. 

I would take exception further to the statement that the cupola proc- 
ess is not an oxidizing process, or a meaning to that effect. In the cu- 
oola we oxidize almost as much silicon and manganese as in the air furnace 
or the open-hearth furnace. Ordinarily there is lost in the cupola 0.26 
silicon, and in the other furnaces mentioned 0.30. 

Then again, what about the deoxidizers, such as titanium, vanadium, 
iluminum? They strengthen the metal by removal of oxygen, or the 
mry opposite of what is shown by some of the analyses given. Hence, as 
stated before, I think that the man who actually uses the pig iron by re- 
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melting it, while agreeing with Mr. Johnson that oxygen hardens the 
metal, will have to watch his work very carefully when using high-oxygen 
pig irons, to avoid other casting troubles which would make the work 
difficult to dispose of to a consumer. 

Henry D. Hibbard, Plainfield, N. J. — Others besides foundrymen 
find much in this most interesting paper, but there are several points 
which may need further attention. The change in the method of oc- 
currence of the graphite in the iron due to the oxide of iron contained 
seems to amply explain the increased strength obtained by the addition 
of the oxide. 

Referring to p. 367, it would be well to know more about the iron of 
faultless analysis from which good steel cannot be made, as such iron would 
be a novelty to the writer and perhaps to some others. 

Melting cast iron in a crucible may be done with a wide range in the 
final temperature, say from 1,250"^ to 1,550° C., and therefore one should 
know the temperature contemplated in the statement on p. 369 relative 
to remelting normal iron with the spongy No. 6 in order to better un- 
derstand what happens. There is possibly a more or less clearly defined 
temperature below which carbon dissolved in iron will not reduce iron 
oxide, and if the temperature of the crucible melt is below that the result 
may be quite different from that when the temperature is above. This, 
if so, may explain the possible existence of carbon and iron oxide side by 
side in iron. What temperature does the author have in mind? 

Regarding the question of the combination of sulphur and oxygen, 
temperature is also important. At steel-melting temperature, or say 
1,550° C., the affinity of sulphur for iron is greater than for oxygen. At 
lower temperatures, such as those of the puddling furnace and refinery, 
sulphur is oxidized and eliminated to an important degree from the iron 
which is worked therein. 

The reference on p. 382 to chilled cast-iron car wheels and conclusion 
No. 7 on p. 383 need some qualification. Manganese, in pig iron, which 
has been reduced in the blast funace with the iron, seems to increase the 
tendency of the carbon to remain in solution when the iron freezes, as 
the author states. But manganese added, after it has left the melting 
furnace, to molten iron intended for car wheels has the effect of decreas- 
ing the depth of chill by tending to throw the carbon out of solution 
as graphite. This has not so far been explained, I believe, but is true, 
and ferro-manganese, rather finely ground, is used regularly in car-wheel 
foundries to cut down the depths of chill of iron whose test shows too 
great chilling qualities. 

Henry M. Howe, New York, N. Y. — I do not think we will keep to 
our belief that oxygen is malum in $e. Mr. Johnson does not look at the 
oxygen as the cause of the matter — ^he looks at the oxygen as reducing 
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Fig, 30. — Uniform Distribution of Graphite, X 100. 


Fig. 31. — Shows Nesting of Graphite, X 100. 
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the size of the graphite flakes, so in spite of the harm the oxygen itself 
does, there is a net benefit in decreasing the size of the graphite flakes to 
a great extent. 

C. H. Strand, Altoona, Pa. — I would like to ask Mr. Johnson what 
an uneven distribution of graphite, as shown in the accompanying 
photomicrographs. Figs. 30 and 31, indicates as to the quality of the cast 
iron. These two photomicrographs were taken on spots about | in. 
apart, the nests of graphite occurring periodically throughout. Other 
cast irons show an absolutely uniform distribution of graphite. The 
opinion has been offered that this condition indicates a too low casting 
temperature. I would like to have Mr. Johnson's views on the matter, 
and whether he considers this condition to indicate a poor-quality iron. 

William E.. Webster, Philadelphia, Pa. — I will ask Mr. Johnson 
if he wiU make clear the difference between the so-called semi-steels 
produced from using slab in the pile of wrought iron or steel, and his 
steel. I believe that one is a low-carbon proposition and the other is 
a high-carbon proposition. 

John H. Hall, New York, N. Y. — On reading Mr. Johnson’s most 
interesting paper, it at first appears that the oxygen content of the iron 
is wholly or chiefly responsible for the differences in strength between the 
good and the bad irons of similar analyses. More careful consideration, 
however, leads one to modify that verdict very considerably. 

For convenience, the more important tests given are summarized 
in the two tables herewith. From Table I we see that the differences in 
strength between the good and bad irons of the typical six given, are more 
or less in proportion to the differences in oxygen content. Table II, 
however, shows us that differences in oxygen content between original 
and deoxidized irons, much larger than the differences in all but one 
case in Table I, not only do not cause the reductions in strength that we 
should expect if oxygen alone causes the variations, but even result in 
considerable strengthening of the iron in many cases. Deoxidation with 
either aluminum or titanium appears to strengthen the No. 2 irons. 

The only iron in Table II that shows reduction of strength after re- 
melting with a deoxidizer, in enough cases to lead us to believe reduction 
of strength to be the rule, is the iron labeled "Medium 3.” Why 
should this iron be so weakened by the elimination of oxygen, while the 
others are strengthened? 

At first glance one is led to say it is because the amount of oxygen 
removed is the greatest in this iron. Yet comparing the decreases in 
strength resulting from deoxidizing this strong “Medium 3,” with the 
differences between a weak and a strong “Medium 3” (Table I), we see 
that the reduction is insufficient to allow us to believe the oxygen is the 
only variable responsible for the weakness of the low-oxygen irons. 
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The weakening of this iron on remelting with deoxidizers, removing some 
0.044 per cent, oxygen, is of the order of magnitude of the difference 
between the good and bad “Soft 1” (Table I), with an oxygen difference 
of but 0.018 per cent. 

Thus the removal of oxygen by aluminum or titanium weakens the 
strong irons only in the case of the “Medium 3,” and does not weaken 
this iron as much as we should expect, even allowing for any strengthen- 
ing effect of titanium. We must look further for the complete explana- 
tion of the facts observed, and to my mind we find it in the total carbon 
content of the irons. All are near the probable location of the eutectic 
point, some 4.10 per cent, carbon according to Wittorff, and inspection 
of Table I shows that the greatest differences in strength correspond with 
the greatest variations in total carbon. This is especially the case with 
the “Medium 3” iron. The weak “Medium 3” contains 4.49 per cent, 
of carbon, and hence is well above the eutectic ratio. 

Comparison of Weak and Strong Irons of Similar Analyses 
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Effect of Remelting Strong Irons with Deoxidizers 
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Of the irons remelted with deoxidizers, “Medium 3'^ contains the 
most total carbon, 4.10 per cent., and is weakened the most by deoxida- 
tion. The irons strengthened by deoxidation contain carbon below the 
eutectic ratio. The conclusion is almost forced upon us that the effect 
of oxygen is marked only when the iron is near the eutectic ratio. A 
shifting of this ratio by increased oxygen content may throw a normally 
hyper-eutectic iron into the hypo-eutectic class. In this connection the 
fact that the weak irons of the typical six contain in every case more 
total carbon than the strong irons, is suggestive. Whether this shifting 
of the iron to the hypo-eutectic class is capable of producing the fine 
graphite formation shown, I am not prepared to state. I should sup- 
pose, however, that it would be. 

The improvement in the strength of weak irons produced by remelting 
them with an admixture of “spongy No. 6’^ may also be explained in this 
manner. Mr. Johnson, judging by his remarks in paragraph 3, p. 357, 
seems to have seen that the influence of oxygen and that of high total 
carbon are jointly responsible for the facts he observed, but to have laid 
the heaviest emphasis on the influence of the oxygen. 

It would be of great interest if Mr. Johnson would give us more data, 
as, for instance, the microstructures and more complete analyses of the 
irons remelted with deoxidizers, complete analyses, tests, and micro- 
structures to show the effect of remelting “weak spotted irons’^ with 
“spongy No. 6,” complete analyses, tests, and microstructures to show the 
status of the cold-blast charcoal irons referred to, analyses and tests of the 
electric-furnace irons, etc. The subject matter of the paper is so impor- 
tant and the opportunity for contributing greatly to existing knowledge so 
clear, that more ample data will inevitably be of the utmost value. As 
the paper now stands one is constantly headed off in following a line of 
reasoning by the dilemma which confronted Hosea Bigelow’s campaign 
orator: “Tries pump again — ^no facs!” 

Albert Sauveur, Cambridge, Mass. — Mr. Johnson has again placed 
those interested in cast iron and its properties under very great obliga- 
tion by his well-planned and carefully conducted investigation of the 
puzzling fact that some irons — ^the good ones, as he terms them — always 
give strong castings, even after repeated remelting, while others, of 
apparently the same chemical composition — ^the poor irons — ^always yield 
weak castings. Mr. Johnson claims that the presence of a larger pro- 
portion of oxygen in the good irons is responsible for this great strength 
and he contends that his experiments prove his claims beyond any, pos- 
sible doubt. While at first sight it may appear that he has demonstrated 
his contention, upon closer scrutiny and thoughtful reflection doubt 
arises as to his having discovered the real cause of the phenomenon under 
investigation. The author shows a difference of a few hundredths of 1 
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per cent, of oxygen between the weakest and the strongest irons, other- 
wise of similar composition, so far as analysis of cast iron generally goes, 
and we are asked to believe that so very slight a difference in oxygen con- 
tent accounts satisfactorily for the much greater strength of the good 
irons. He contends, for instance, that increasing the percentage of 
oxygen from some 0.02 to 0.1 per cent, is responsible for an increase in 
transverse strength from 3,000 to 6,000 lb. Turning to the photomicro- 
graphs illustrating the structure of the various irons, we see clearly why 
the good irons are stronger; it is evidently because their graphite occurs in 
small, and often rounded, particles, instead of occurring, as it does in the 
bad irons, in the form of long, curved and sharp plates or sheets. It is 
for a similar reason that malleable cast iron is always stronger than gray 
iron of like chemical composition. We are naturally reluctant to be- 
lieve, however, -that so marked a difference in the mechanical behavior 
of graphite is caused by a difference of a few hundredths of 1 per cent, 
of oxygen between the two classes of cast iron. To accept this explana- 
tion, we certainly must have more conclusive evidences than those offered 
by the author. 

Granting that Mr. Johnson has satisfactorily shown that good irons 
contain more oxygen than poor irons, and that the furnace conditions 
necessary to produce strong irons are generally, also, those which lead to 
less perfect deoxidation, the inference that the greater strength of the 
good irons is actually due to the presence of a slightly greater percentage 
of oxygen is very far from conclusively demonstrated. Were it so, it 
should be a comparatively easy matter to increase the strength of poor 
irons by oxidizing them, and to decrease the strength of the good irons by 
deoxidizing them, and it is a significant fact that the author’s attempts in 
both of these directions have failed. 

The results published in Tables I and II are not convincing, or even 
always consistent. The average strength of the C High 2 iron, for in- 
stance, containing 0.038 per cent, oxygen, is 3,800 lb., whereas the aver- 
age strength of the E Med. 3 iron, with 0.065 per cent, oxygen, is but 
slightly greater, namely, 3,950 lb. In Table II, the irons low in oxygen 
appear to be as strong as, if not stronger than, those containing more 
oxygen. 

Summing up, the utmost that may be granted is that the author 
has shown satisfactorily that good irons generally contain more oxygen 
than poor irons. He has not demonstrated that poor irons can be made 
stronger through the introduction of oxygen, or that good irons are made 
weaker through the removal of some of their oxygen. The fact that nor- 
mal iron (containing little oxygen) is made stronger by melting it with 
“spongy No. 6” (containing more oxygen) does not prove that oxygen is 
actually the cause of the increased strength. It merelv noints to some 
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qualities, inherent to the spongy No. 6 and making for strength, being 
imparted to the resulting mixture. 

Bradley Stoughton, New York, N. Y.— I really think that Mr. 
Johnson’s analyses show definitely more oxygen in some cases than in 
others, and this offers much more evidence than the absence or deficiency 
of oxygen by inference. Of course, I do not know but that Dr. Moldenke 
has made these analyses, too, but I was simply taking what he said to be 
limited by as much as he said. 

In regard to Mr. Hibbard’s remark about faultless iron, as far as the 
analysis is concerned, not making good steel, I have had that experience 
a number of times. There is a sort of iron which comes from the blast 
furnace out of which you cannot make good steel. It has been my mis- 
fortune to note that many times. We have never been able to find out, 
in the analyses, anything that is wrong with that steel, but I have seen the 
percentage of second-class rails go up from 3 to 22, and it was an tmhappy 
time for me, because I was supposed to be responsible in any event. 

It finally got so bad in a large works with which I was connected that 
a practical man there could tell this iron as it ran from the furnace — ^it 
had a peculiar appearance — and in order to prove that it was the iron 
which was not satisfactory he would take a ladle of iron every once in 
a while and send it directly to the converter to convert it into steel, 
without its passing through the mixer, the analysis, of course, being 
correct, so that we were able to do that. In every case we had very 
bad results with the steel. Furthermore, I had to convince the men 
having charge of this steel that if a certain number of ladles of this kind 
of iron went into the mixture we would have unsatisfactory results, and 
in each case we would find the percentage of second-quality rails went up. 

The analysis of that iron was all right, but it had a peculiar appearance 
to it, which none of us could tell except the one man to whom I have re- 
ferred, and finally we used to keep him at the blast furnace a greater part 
of his time trjdng to spot that iron and prevent it from going into the 
miser and being made into steel, much to the disgust of the blast-furnace 
man, who was positive, of course, that it was the fault of the steel mill. 

It seems to be admitted by all of us, from what I have heard said, 
and it seems very evident to me, that these irons high in oxygen, but 
otherwise practically the same, will have a better structure than the 
irons which do not have oxygen in them. It seems to me, even if the 
oxygen in itself is harmful, provided the net result is good, there should 
be no objection to the oxygen. Certainly we agree that the iron with 
graphite in large flakes is fikely to be, as Mr. Johnson certainly indicates, 
very strong, and is stronger than the iron in which the graphite flakes 
break up easily. 

The fact that the amount of oxygen is very small does not seem to 
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me to be material at all. We do not know what form the oxygen is in. 
One-thousandth of 1 per cent, of oxygen may mean quite a good deal of 
iron oxides or some other oxides, and we have always had that augmented 
with a small amount of phosphorus. If you remember, the small amount 
of moisture in the blast furnace was judged to be ridiculously small to 
produce any beneficial effect on the work of the furnace. Consequently 
our German friend patented the idea and decided that the Americans 
did not know what they were talking about in blast-furnace practice until 
they were obliged to admit that their theory was defective in some way. 

It has occurred to me, and I find in conversation with others it has 
occurred to several persons, that possibly the oxygen may have an 
influence in throwing the eutectic point to the right in the diagram, and 
several have mentioned that particular thing to me. I do not see any 
evidence to confirm that view, of course, except by inference, and if this 
occurred it would have an effect, perhaps, on the oxygen, and might have 
a marked effect on the quality of the iron. 

William Campbell, New York, N.Y— From looking over Mr. 
Johnson’s figures and photographs we must be led to the conclusion that 
the difference in strength depends mainly on the forms of graphite. In 
examining quite a number of samples of cast iron, we find that there is 
certainly a difference in the way in which the graphite comes out. Some 
of it comes out directly from the liquid, whereas other forms of it appear 
after the metal is solidified. Looking over the different iron-carbon 
diagrams, of which there are many, we can get some evidence of this; if 
the later determinations of Wittorff and similar workers are right we have 
the formation of cementite just above the freezing point, which after- 
ward breaks down into the graphite. The natural conclusion is that 
the graphite which forms from decomposition of cementite will be finer 
than that which comes out of the melt. It may be that the small amount 
of oxygen present in the iron may be the factor which swings over from 
the stable diagram on the one hand to the metastable on the other, and 
in one case we get mainly the primary graphite and in the other case we 
get the secondary graphite. 

Ralph H. Sweetser, Easton, Pa. — Possibly some experience I had 
in Canada may throw some light on this “ good iron that makes bad steel.” 
I happened to be at the blast-furnace end, and my position was not any 
more cheerful than that of Mr. Stoughton. At the Lake Superior Cor- 
poration we made iron for the Bessemer department, and it was made 
wholly with Pocahontas coke. There were times when we had the very 
best of iron, it would be what we would call in the foundry No. 2, or 
2X iron, but the graphite was very high, and the kish that would come 
off from the iron would collect everywhere, yet they claimed at the steel 
plant that the iron did not make good steel. The analysis showed just 



INFLUENCE OF OXYGEN, ETC., ON CAST IRON 


393 


exactly what they asked for in silicon, sulphur, and manganese, but they 
had trouble in the mill, and they blamed it, of course, on the blast furnace. 
We found large flakes of this kish, that were almost transparent, and when 
they were analyzed we found that they were a combination of silicon and 
carbon. I think there was Just exactly one atom of silicon and one atom 
of carbon in some of the flakes we separated. 

Possibly the making of iron with a very soft coke makes what we call 
a “rich iron.” — the steel men said “Your iron is too rich.” The air 
would be full of kish, and when that iron was cooled down in the ladles 
the top of the ladle would be covered with a thick layer of kish. 

Henry D. Hibbard. — I am not satisfied to let the matter rest so. 
Mr. Stoughton’s experience with those irons was when he was much 
younger than he is now. It is noticeable that his trouble with the 
apparently good iron of which good steel could not be made was in con- 
nection with the Bessemer process, which of course does not have as wide 
a scope in the materials used nor admit of variations in anything like the 
degree that the open-hearth process does. 

Another thing is that in plants where only one product, like rail steel, 
is made they do not have much variety of methods or experience with 
other steels. Then when the regular practice with the regular stock 
does not yield the required result they are more or less at sea and may 
blame the stopk when some change in manipulation might have made 
all right. Therefore, while I do not consider that Mr. Stoughton’s 
experience proves the author’s statement, I think it would be well if he 
would give us some analyses of those irons and say what he was making 
of them. 

F. L. Grammer, Leesburg, Va. — think Mr. Johnson has correctly 
attributed to temperature the position of chief factor in determining 
whether the hearth has the maximum reducing tendency and I also am 
inclined to believe that the chief source of oxygen is to be found in the 
descending ore. Nevertheless, there are other infiuences than tempera- 
ture and there are other possible sources of oxygen than the ore. Perhaps 
the following may be of interest, even though the writer believes the first 
two influences are paramount. 

Under Carbon Absorption, p. 372, 1 would like to add two more known 
facts: 

3. The larger the amount of surface offered by a unit we^ht of carbon 
the shorter the time required for its solution in a given weight of molten 
iron. This is a reladou gowtnlrig all solution if interstices are not too 
minute for liquid to enter. 

4. Solution as it approaches saturation proceeds more slowly. 

While in discussion of oxygen contents we are not so much concerned 

with the first two postulates of Mr, Johnson as with the last two, these 
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added factors if considered will be seen to be the product of conditions 
assisting deoxidation. 

Let us assume arbitrarily for conciseness that the metal as it drops 
into the bath of iron through the slag contains 2 per cent, carbon in solu- 
tion and that it issues from the furnace with 4 per cent, carbon content. 
The 2 per cent, increase would be obtained by the bath dissolving carbon 
from incandescent fuel which penetrates below the floating molten slag 
into the molten iron. At casting times the solid fuel goes to the hearth 
bottom. That it does this after the first flush of cinder is unusual. 

We are told that recently some of the large steel companies are giving 
their blast-furnaces crushed coke, rather than as it formerly came from 
beehive ovens. The motive probably is better distribution and regular 
working. Such coke, offering more surface per unit of weight, should 
produce a metal with lower oxygen content, other conditions being con- 
stant, than one with larger lumps. The intermixture in the bath is more 
complete. 

The Scandinavian mystic and metallurgist, Swedenborg, I am told, 
first announced that spheres of equi-diameter tetrahedrally piled exhibited 
a ratio of voids of 29 per cent, and aggregates 71 per cent. So the amount 
of space in the hearth occupied by the fuel (if of equal spherical size) is 
practically independent of the size of the lumps. The amount of surface 
offered for attack by the molten material (occupying the voids) increases 
as the diameter decreases. 

The incandescent fuel may not penetrate the slag and iron bath be- 
cause of the pressure of the superincumbent stack contents; usually we 
believe this pressure on both is due chiefly to the weight of a dome-capped 
cylinder of incandescent fuel extending from a hemisphere, at the flare 
of the bosh near the tuyeres, downward. The weight of material in the 
stack is borne by the bosh (on which stock momentarily arches) and by 
friction and ascending gases. 

This dome-capped cylinder of fuel is taller after casting than before 
casting. 

Taking the bath of iron and slag at cinder-notch level on the first flush, 
it might be fair as furnaces are built to say that the maximum fuel heights 
of dome-cylinder would be in coke furnaces using Lake ores about 9 to 
13 ft. and in charcoal furnaces about 6 to 10 ft. Disregarding penetration 
below the molten surface, we may say for anthracite, 10 ft. 

We will call the specific gravity of anthracite 1.6; coke, 1.0; and char- 
coal, 0.4. 

Then this dome-cylinder will give a fuel pressure on top of the molten 
surface as follows: 

Anthracite 10 X 1.6 = 16 

Coke (9 to 13) X 1.0 = 9 to 13 

Charcoal 6to 10X0.4= 2.4to4 
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If this is the pressure which controls penetration into metal, it will 
be seen that charcoal has nothing like so long a contact nor so deep a 
penetration into the metal bath as coke has, not to mention anthracite. 
Charcoal just before casting or before the first fiush j5robably does not 
pierce the slag. Oxygen in the bath thus is less likely to be removed. 

One may protest that we are not dealing with spheres nor even with 
sized particles, and that our 2 per cent, carbon is arbitrary. Many will 
question this method of stock settling. They will say it is due to the 
underpinning by solution and combustion of a fuel column resting on the 
hearth bottom and not by constant renewal of a fuel arch springing from 
the bosh batter commencing above the tuyeres. A study of stock-line 
subsidence at casting time will prove that fuel penetrated the molten 
mass but slightly. 

Om picture is probably more closely followed by narrow crucibles 
using charcoal than by coke crucibles of greater width and weaker dome. 
The truth is somewhere between. We have all seen coke at the bottom 
iron notch: it should always be in front of the tuydres. But we have 
heard of metal being partly Bessemerized in the blast-furnace crucible 
owing to fuel descent being delayed. It is certain that a very large 
percentage of the weight of stock is borne by the bosh and the stack and 
the wind. 

' We think most would concede that charcoal would dissolve in iron 
more rapidly than coke or anthracite, not to mention graphite. It is 
true that in recarburizing steel the solution of added coke is very rapid, 
but at blast-furnace temperatures and saturation of metal the surface of 
fuel exposed and the time of contact rather than the nature of fuel 
govern carbon contents. The final carbon increments are slow of growth 
— certainly if these oxide products are with such difficulty removed; time 
and full surface exposure where greatest in crucible should be associated 
with lowest oxygen. 

This picture is timidly sketched in the hope that some may see addi- 
tional possible explanations besides these offered by Mr. Johnson. 

CO 2 reacts on C at certain temperatures depending on preponderance 
of fuel and its nature and velocity of passage of gases. We would expect 
this temperature to be lower with a soft, cellular fuel like charcoal, which 
occludes, than with a dense, hard fuel (resembling incombustible graphite) 
like anthracite. The zones of combustion per unit of blast will be larger 
in the case of hard and dense fuels than with porous fuels. This seems to 
be an additional reason other than slag composition why coke and anthra- 
cite furnaces need high temperatures of blast compared to charcoal practice. 

Magnetites enter the hottest zone with more oxygen than other iron 
ores save a few specular ores and so it seems reasonable to expect more 
oxygen in metal bath from such mixtures. 

Owing to low ash in charcoal, in such a furnace the slag is practically 
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all complete as it drips into the crucible. In a coke furnace, a large per- 
centage of the slag comes from ash which is released as combustion in 
the hearth proceeds. It unites with the excessively basic product de- 
scending from the^bosh. 

A coke furnace requires reserve heat to fuse a belated slag completion, 
and to take care of a slag whose volume is excessive, or basicity and 
temperature are high, in order to prevent sulphur entering the metal. 

A unit weight of oxygen in entering a hot-blast furnace occupies thrice 
the volume of a similar weight furnished the charcoal furnace.. Besides 
the increased velocity of gases incident to excess heat in coke furnaces, 
the velocity is also larger because of the larger weights of air (rapid 
driving) employed. 

The cold-blast charcoal furnaces offer converse conditions to those 
cited as obtaining in coke practice. Whether the oxygen in metal has its 
origin in descending charge or entering blast, the two furnace operations 
are so diverse as to lead HDne to expect differing products. 

Thinking of occlusion, one would have expected the higher-pressure 
coke furnaces to show higher gas contents in metal. 

Throttling the downtake increases the gas tension in the furnace 
very markedly, preserving at the same time quantities and velocities of 
blast. It might be interesting to note whether metal made under such 
conditions exhibits change as regards gaseous contents. 

Antimony, unlike phosphorus, with which it is often grouped chemi- 
cally, seems to increase total carbon contents in pig. ^ 

I analyzed some kish scooped up from the ground in 1894 at the Edgar 
Thomson Furnaces and found it contained a large per cent, of silicon, as 
Mr. Sweetser cites. 

We had a case of ''dead iron” at Duquesne in 1897 in which a lowering 
of the temperature of the blast accompanied by the reduction of the bur- 
den was followed several hours later by a reduction in the per cent, of 
seconds of the rails. 

There is quite a widespread belief that iron made from magnetites is 
better than that made from hematites, and we rather expect those who 
have had the misfortune to use these irreducible ores to investigate the 
possibilities of the superior value of their product as compared with 
hematite metal. 

In addition to investigations pursued to ascertain the influence on 
oxygen content of gas throttling, magnetites, crushed coke, and moisture 
elimination, we also think it would be of interest to ascertain whether 
metal made from furnaces with 20 tuyeres as compared to furnaces with 
10 tuySres has a different oxygen content. 

J. E, Johnson, Jr. — ^Repl3ring in part to Dr. Moldenke’s criticism, I 
would call particular attention to an analysis on p . 346 of my paper in which 
it is shown that the variation of combined and graphitic carbon in these 
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irons is exactly the opposite of what it should be if the accepted theory 
were correct; that the strength increases primarily with the quantity of 
combined carbon and decreases with the quantity of graphite. This lat- 
ter is a perfectly logical and obvious conclusion if we disregard variations 
in the size and shape of the graphite particles. I have therefore taken 
some pains to analyze these results so as to show that the strength varied 
in these six irons in the opposite direction from what these considerations 
would indicate, and this seems to me to disprove absolutely any con- 
tention based on the idea that the variations in the combined carbon are 
responsible for these results. This absolute contradiction of this obvious 
and natural conclusion indicates that there must be some cause for the 
results totally independent of this consideration. This cause, I believe, 
will be found by any one who examines the photomicrographs critically, 
in the size and shape of the graphite particles, for there is no impor- 
tant cohesion between. graphite and iron, and each flake of graphite is 
therefore neither more nor less than a cut in the iron of area equal to that of 
the graphite plate. To carry this idea to its ultimate conclusion we need 
only to turn to the salamanders which all furnacemen have taken from the 
hearths of their furnaces and which contain flakes of graphite a square 
inch or more in area and can be broken apart along these flakes with the 
fingers. What a flake of this size would do to a li-in. test bar is obvious 
and is an index of the importance of the size of the graphite. I have tried 
to make it clear in the paper that it was through this control over the size 
of the graphite particles that oxygen exerted its principal influence. 

In regard to Dr. Moldeixke’s statement that he had made many 
hundreds of oxygen determinations, I understand that these were made 
by a wet or acid method, and I do not consider these methods reliable 
for the determination of oxygen, since almost every action of solution 
is an oxidizing one in one form or another, and for that reason oxygen 
may be introduced into the very substance whose oxygen content is 
sought to be determined. 

The determinations on which my paper is based were made by the 
Ledebur hydrogen method as modified by Cushman and by ourselves to 
suit the conditions arising from the presence of so much more carbon 
than is present in steel. So great an amount of care and time was put 
upon these determinations, such satisfactory blanks could be 'run with 
them and results could be so carefully checked, that it is impossible to 
escape the conclusion that the oxygen which we found in the form of 
water came from the iron and from the iron alone. 

I would like to call attention here to the fact that much of what Dr. 
Moldenke himself has written on this subject can be as well explained on 
my hypothesis as on his, for he has repeatedly spoken of getting the bath 
too hot and burning it. What really happens, in my judgment, is that 
when the bath becomes too hot the oxygen reacts with the carbon and 
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silicon present, so passing out of the metal and lowering its quality in the 
way which Dr. Moldenke attributes to burning/' 

In regard to the allusion in the paper to the reducing tendency of the 
cupola as compared with the oxidizing tendency of the air furnace, these 
terms are relative and were used by me solely in a relative sense, and I 
think it will be admitted by Dr. Moldenke that this is justifiable, because 
the oxidizing influence of the blast in the cupola is partly offset by the 
fuel bed below, whereas in the air furnace the oxidizing tendency of the 
flame is much greater and is not offset by any circumstances whatever. 
Therefore, I think it will be admitted that the likelihood of the intro- 
duction of oxygen in the air furnace is much greater than it is in the 
cupola — the idea which I intended to convey. 

In reply to Mr. Hibbard, I can only say that if he will take a trip 
around among the steel works and obtain the confidence of the metal- 
lurgist or the steel mill superintendent, either of them will not only tell 
him that the quality of the steel is seriously affected by an unknown 
quality of the iron from which it is made (not shown by the analysis of the 
latter), but that the situation so produced is a serious one against which 
they have constantly to be on their guard. This, as far as I can find out, 
has passed from the realm of dispute into the realm of accepted facts 
among those who know. 

In answer to W. K. Webster, I would say briefly that the difference 
between high-oxygen cast iron and semi-steel is briefly that the high 
oxygen content reduces the graphite particles to a small fraction of their 
area in ordinary cast iron, while semi-steel lowers the graphite present as 
a whole by diluting the relatively high carbon cast iron with relatively 
low carbon steel. This makes a less quantity of graphite to exert an 
injurious influence and there may be a certain oxidation of the steel scrap, 
and consequent introduction of oxygen into the bath, with beneficial 
result, but this does not compare with the results to be obtained in an 
iron with normal or slightly subnormal carbon which contains a sufficient 
quantity of oxygen to suppress the formation of flat flakes of graphite. 
The iron produced by the latter method is stronger and capable of more 
satisfactory handling both in the foundry and in the machine shop. 

In reply to C. H. Strand, I will freely confess that I cannot answer his 
question positively. In a general way I should be inclined to connect 
the formation of graphite nests, such as shown by his photomicrographs, 
with the formation of windrows of graphite, the formation and cause of 
which were pointed out in my paper, The Effect of High Carbon on the 
Quality of Charcoal-Iron.^ I should expect that these graphite nests 
indicated an iron rather high in carbon and very low in oxygen, conse- 
quently, a weak iron, but not being familiar with the phenomenon he 
points out in the shape in which he shows it, I cannot answer positively. 


* Trans.^ xliv, 314 (1912). 
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In answer to John Howe Hall, I admit freely that the data submitted 
in the paper are insufficient to enable us to attribute a given increase in 
strength to a given increase in oxygen, and it is true that some of the 
results on deoxidation were contradictory. At the same time the impres- 
sion formed as a consequence of the more careful and more reliable of 
these results, that is, the ones later made, was that they did result in a 
considerable weakening of the iron. This is particularly true with 
aluminum, whose effect we understand much better than we do that of 
titanium. 

In regard to Mr. Hall's attempt to connect up the quantity of carbon 
with the strength of the iron, I tried to make it clear in my paper that 
the conditions which led to high carbonization were largely similar to 
those which led to thorough deoxidation, and referring back to my previ- 
ous paper I intended to make clear my opinion that both of these condi- 
tions contributed to weaken some irons. At the same time, a careful 
analysis of the carbons and oxygens shown in the original paper, and also 
in the additional data put on the blackboard at the meeting and given 
below, will show that there is no unvarying connection between total 
carbon and strength, but that almost as much evidence can be obtained 
for one side as for the other. This, however, is very far from being the 
case with the oxygen content, since this in every case is high with the 
strong iron and low with the weak iron. It is very doubtful if, even with 
the additional data here presented, any quantitative relation between 
oxygen content and strength, in the presence of so many other variables, 
can be established, but the qualitative effect is so clearly shown as to be 
obvious to all save those who do not desire to see. 
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In reply to the remarks of Mr. Stoughton, I have only to express my 
thanks for the confirmation of my statements and views which he so 
clearly and comprehensively furnished. 

In regard to Professor Campbell’s remarks, it is most unfortunate that 
lack of time prevented his explaining in detail certain possibilities based 
on the latest developments of the iron-carbon diagram which he was good 
enough to explain to me privately. Through his kindness I am able to 
present here three possibilities based on the work of Guertler, who founds 
his conclusions upon the experiments of Wittorff and Ruff, and one based 
on Upton’s iron-carbon diagram. According to Guertler we have: 

I. In the stable condition above 1,360° C. we can have liquid + 
graphite. 

At 1,360° C. the reaction occurs, 

, Liquid -f graphite = Fe 4 C 

and in alloys with 4.4 per cent, carbon down to 3.8 per cent, we find 
Fe 4 C crystallizing out from the melt. 

At 1,180° C. we have the eutectic of austenite -j- Fe 4 C. 

At 1,110° C. FgaC breaks up into austenite + graphite. 

At 750° 0. the eutectoid of ferrite and graphite forms. 

These are equilibrium conditions which are reached only with ex- 
tremely slow cooling. 

II. With more rapid cooling the reaction at 1,360° does not occur. 
Graphite separates from the melt and at 1,155° we get the eutectic 
of austenite -j- graphite. 

III. With more rapid cooling FesC separates out from the melt and at 
1,135° C. and 4.3 per cent, carbon forms a eutectic with austenite; then 
at 710° C. we have the eutectoid FeaC -|- ferrite, commonly known as 
pearlite. 

According to Upton’s diagram white irons are supersaturated solid 
solutions which afe breaking down; and the stable constituents are 
austenite + graphite above 1,095° C.; austenite + FeeC or FeeC + 
graphite below 1,095°; and at 800° FegC appears, while FeeC disappears. 
FeeC and Fe 4 C have yet to be distinguished under the microscope. 

From the point of view of practical value two possibilities according 
to these diagrams stand forth prominently: 

1. Graphite can separate directly from the melt. 

This is contrary to the claims of Professor Howe and Professor 
Sauveur, but is abundantly supported by the facts, while their contention 
that this action can only take place through the prior formation of cement- 
ite is completely negatived by facts of practice which are matters of 
common knowledge to fumacemen. 

2. After solidification various possibilities are presented according 
to both of these investigators. These possibilities indicate that in cer- 
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tain areas of the diagram a very slight change in conditions may cause a 
complete change in the resulting product. Professor CampbelFs valuable 
suggestion is, as I understand it, that a small quantity of oxygen may be 
the determining factor in controlling which one of these conditions arises, 
and as a matter of great practical and industrial importance I know it to 
be true as the result of abundant investigation that not only the shape of 
the graphite is greatly influenced by a change in the oxygen content of 
the iron, but that the structure of the iron itself appears to be funda- 
mentally altered by the presence or absence of this element. When it is 
absent certain irons tend to form the iron-carbon eutectic, whose effect 
is absolutely detrimental from every point of view, while the presence of 
oxygen appears to suppress this structure altogether and forms instead a 
network structure concerning which the microscope furnishes the pre- 
sumption that it should possess superior strength, a presumption abun- 
dantly borne out by physical tests. It would seem that scientific metal- 
lurgists interested in this subject may find interesting work for years to 
come along this line. 

Turning now to the practical point of view and in particular answering 
the criticism of Professor Sauveur that our tests do not carry conviction 
that the oxygen is the cause of the change because, he says, remelts with 
spongy No. 6 do not prove our case, I will furnish additional evidence 
developed since this paper was written. 

A short time ago I took a heat of coke iron containing about 1 per 
cent, silicon, from which test bars were made as it came from the cupola. 
This heat was put into a Stoughton side-blow converter and had the sili- 
con blown out of it at a temperature as low as we could safely hold it. 
The blow was stopped before much of the carbon had gone, and the 
resulting metal, which was a wild white iron full of blow- holes, utterly 
rotten and worthless, as shown by samples which we poured, was mixed 
with an equal weight of 2 per cent, silicon iron from the cupola, from 
which test bars were made previous to mixing. From the mixture 
additional test bars were made. These included l|-in. rounds, as with 
the two kinds of iron from the cupola, and also 2-in. square bars. These 
were broken by Tinius Olsen & Co. in Philadelphia. The results on the 
cupola irons of both heats ran from 2,000 to 2,500 lb., while the bars made 
from the mixture of converter metal and cupola metal broke at from 
3,900 to 4,200 lb. The 2-in. square bars of the latter mixture broke at 
from 19,000 to 24,000 lb., the latter figure considerably in excess of the 
most rigid requirements of the purchasers of Southern and Eastern char- 
coal irons. It will be seen that by mixing the siliconless converter metal 
with 2 per cent, silicon metal we restored the iron practically to the analy- 
sis of the original melt in everything save oxygen, and this seems to me to 
furnish as conclusive a proof as the most exacting can require that it is 
oxygen and oxygen alone which produces these results. This iron not 
only had the strength, bi^t ^Jsq had the close grain, the high density, and 
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the great chilling power of the best grades of charcoal iron, from which 
it could not be distinguished by the most careful examination. Photomi- 
crographs of this iron, etched and unetched. Figs. 32 and 33, are presented 
herewith on the same scale as those in the original paper. The similarity 
of this iron to those charcoal irons will not, I believe, be denied by any 
one, and I believe those familiar with the microstructure of malleable 
castings will be struck with the similarity of the unetched specimen to 
the structure of malleable iron. 

It is suggested in the paper that the explanation for the action of 



Tig. 32. — Coke Iron -|- Oxygen. Unetchbd. x lOO. 


oxygen is that it reverses the points of graphite formation and solidifica- 
tion, which ordinarily occur in the order stated, but which in these 
irons containing oxygen, in my opinion, occur in the opposite order, as 
shown by the suppressed condition of the graphite in the photomicro- 
graphs. This opinion receives confirmation from a direction which did 
not occur to me at the time the paper was written. It is a matter of 
common knowledge among users of high-grade irons that strong irons of 
the kind they desire have low shrinkage, while poor irons have high 
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slirinliRgc, Rnd titi© shriukago test is RcttiRlly used rs one of tliG dotor- 
mining factors in the purchase of iron. 

Now, if the foregoing explanation be correct it explains this fact also, 
because if graphite formation be delayed until after the partial solidifica- 
tion of the iron matrix, then obviously when the graphite does form the 
increase in volume which its formation involves will expand the partly 
solidified iron, and this expansion will partly offset the subsequent con- 
traction due to cooling, so that the net shrinkage of the iron will be small. 
If, on the other hand, the graphite separates out while the iron is still 



Fig. 33. — Coke Iron Oxygen. Etched HNOj. X 100. 

perfectly liquid, this action obviously" does not occur. The contraction 
due to cooling is not offset by this expansion due to the formation of 
graphite, and the resulting shrinkage is greater than in the other iron. 

Thus, this explanation agrees with another important factor, well 
established by practice, which seems to me to increase the probability 
of the correctness of the explanation very materially. 

In the commercial aspect: While producers of coke iron ignore the 
fact, the manufacturers of high-grade castings pay premiums of from 
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$10 to $25 per ton for irons having these qualities. They do this not 
through inertia, not through ignorance, but only after thorough and 
convincing trials of coke iron as a substitute have demonstrated beyond 
doubt that they cannot obtain the results that can be obtained with these 
other irons. There is not only one such foundryman in the country, 
there are scores. 

These expensive irons do not differ chemically in any way whatever 
from coke irons of similar analysis except in regard to oxygen. 

Admitting that we have all, myself most strenuously with the others, 
until recently, believed that oxygen was a serious detriment to the quality 
of iron, have we any objective evidence whatever to support this view? 
Admitting the old idea that a difference in oxygen is accountable for these 
differences in quality, does not the view that its presence is responsible for 
the improvement agree far better with the actual facts than the view 
that its absence causes these differences? Are we not, therefore, entitled 
to lay aside our preconceived ideas, our prejudices, our beliefs and our 
theories, in order to accept the concordant results of a vast mass of uncon- 
troverted and, I believe, uncontrovertible evidence of which this paper 
furnishes only a small part, and against which the only objection urged is 
that it is new? 



THE SUREACB DECARBONIZATION OE TOOL STEEL 


405 


The Surface Decarbonization of Tool Steel 

BY J. T. EMMONS, CLEVELAND, OHIO 
(Pittaburgh Meeting, October, 1914) 

It has long been known that the outside skin of tool steel frequently 
exhibits properties widely different from the interior of the mass. Within 
the last few years it has been generally recognized that many of these 
properties were due to surface decarbonization. The origin and effects 
of this altering of the composition have been but little studied. 

C. M. Johnson^ arrives at the conclusion that, in annealing, “the most 
active agent in surface decarbonization is the rust or scale (present on the 
surface), which is actually reduced to metal at the expense of the carbon 
in the steel to which it adheres. ” W. H. Hatfield in his admirable paper, 
The Chemical Physics Involved in the Decarburization of Iron-Carbon 
Alloys,* has given us the most tenable theory of the removal of carbon 
from iron. 

While Mr. Hatfield’s work has been done principally in connection 
with the annealing of white cast iron to produce malleable castings, it is 
frequently applicable to the decarbonization of tool steel. The following 
equations which he proposed have been fully borne out by the author’s 
experiments: 

2Fe3C -t- 2 CO 2 = 3Fe2 + 4CO 
2CO -f- O 2 = 2 CO 2 .. 

2 CO 2 + 2FesC = 3Fe2 4- 4 CO 

It is the purpose of the author to show, in a quantitative manner, the 
effect of various treatments in eliminating the carbon in tool steel. Some 
of the phenomena of the decarbonized surface will also be described, 
as well as the practical problems they present to the manufacturer and 
user of tool-steel products. 

A |-in. round bar of crucible steel having the following composition 
was selected: C, 1.15 per cent.; Mn, 0.31; P, 0.022; Si, 0.16; and 
S, 0.018 per cent. A microscopic examination having revealed a 
slight decarbonization already present, the bar was turned down 
to f-in. diameter to remove all traces of decarbonization. The bar was in 

^ Journal of Industrial and Engineering Chemistry, vol. i, No. 7, p. 459 (July, 1909). 

* Journal of the Iron and Steel Institute, vol. badx, p. 242 (No. I, 1909). 
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the annealed condition, the structure consisting of finely divided lamellar 
pearlite, with many small grains of globular cementite. The bar was 
cut into test pieces of about 2 in. in length. The heating operations were 
all conducted in an electric resistance furnace of the tube type. The 
temperatures were regulated by means of a Le Chatelier thermo-couple. 

Johnson having stated that he found a slight decarbonization upon 
annealing tool steel in hydrogen, this was first investigated: A test piece 
was placed in the furnace cold and gradually raised to a temperature of 
1,800° F, in a current of carefully purified and dried hydrogen. After 
holding at this temperature for 3 hr. the current was shut off and the 



Fig. 1. — 100 Diameters. 


iece was allowed to cool slowly in the furnace. On removal from the 
irnace, the test piece had a dull-gray crystalline appearance. Micro- 
3opic examination revealed no sign of decarbonization. A second test 
iece was placed in the furnace in the same manner as before, held at 2,130° 
for 6 hr., and then allowed to cool slowly in the furnace. This piece 
schibited the gray crystalline surface in a still more marked degree. A 
licroscopic examinationrevealed a coarse network of cementite extending 
> the extreme edge of the cross-section, giving conclusive evidence that 
0 decarbonization had taken place. (See Fig. 1.) This proves that 
^drogen is not a factor in the elimination of carbon from steel. 
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The part taken in the decarbonization of cast iron by iron oxide has 
been investigated by Wust.® His conclusions are that ferric oxide, at the 
higher temperatures, gives ofif a part of its oxygen, which combines with 
the carbon in the iron to form CO. The CO still further reduces the ferric 
oxide to ferrous oxide, being itself oxidized to CO2. The CO2 again reacts 
with the carbon in the iron according to the equation CO2 + C = 2 CO, 
the process being continuous. 

There is no doubt that these reactions are very closely duplicated in 
the annealing of tool steel. The bars are always covered with more or 
less hammer scale and rust, and are packed in a closed pipe or box. The 
principal difference is that, as there is no free carbon normally present 
in tool steel, the elimination of the carbon is probably accomplished 
according to the equation; 

CO2 + FesC = 3 Fe + 2 CO. 

In order to confirm these reactions, and also to determine the rate 
at which they proceed at various temperatures, the following experiment 
was carried out: 

Pieces from the bar above described were annealed in a strong current 
of pure, dry CO2, at various temperatures. The furnace was brought 
to the required heat, the pieces placed in it, held at the heat for 3 hr., 
and allowed to cool slowly in the furnace. Microscopic examination 
was then made of the cross-section, and the depth of decarbonization 
measured by means of a micrometer eye piece. For greater ease and 
accuracy, the decarbonization was measured only from the surface to 
the point of supersaturation, or to the point where free cementite first 
made its appearance. This point is much more easily determined than 
the point where the interior is first affected by the elimination of carbon. 
Each figure of the depth of decarbonization given below is the average 
of four measurements made at different points of the cross-section. 


_ , Depth of Deoar- 

Piece No. Temp^ature, bonization. 

Inches 


1 1,350 0.000 

2 1,400 0.007 

3 1,600 0.009 

4 1,600 0.018 

6 1,700 0.025 

6 1,800 0.034 

7 1,900 0.053 

8 2,000 0.072 


• Metdlurgie, vol. v. No. 1, p. 11 (Jan. 8, 1908) ; Stahl und Eisen, vol. xxiii, 2, 
No. 20, p. 1136 (Oct. 16, 1903). 
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A photomicrograph of the decarbomzation of piece No. 3 is shown in 
Fig. 2. 

A micrograph of piece No. 6 is shown in Fig. 3. The structure of 
piece No. 8, showing the outer portion of the decarbonization only, is 
illustrated in Fig. 4. 

These results indicate that CO 2 gives up to the carbon very readily 
one of its atoms of oxygen. When the results are plotted in the form of 
a curve, with the depth of decarbonization as abscissse and the tempera- 



Fig. 2. — 100 Diametees. 


ture as ordinates, it is also observed that the decarbonization increases 
at a definite rate as the temperature is increased. (See Fig. 5.) 

A similar experiment was then performed by annealing the test pieces 
for 3 hr. in a tube containing air and to which air had slight access 
through a small opening in one end. As shown in the following table, 
the results are very similar to those obtained in an atmosphere of CO 2 , 
with the exception that the rate of decarbonization is now slightly less 
at all temperatures: 
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Fig. 3. — 100 Diameters. 


Fig. 4.— 100 Diameters. 
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Piece No. 

1 

2 

3 

4 
6 
6 

7 

8 
9 


Temperature, 

0 'p 

Depth of Decar- 
bonization, 

Inches 

1,200 

0.000 

1,300 

0.000 

1,400 

0.004 

1,500 

0.005 

1,600 

0 014 

1,700 

0.016 

1,800 

0.025 

1,900 

0.039 

2,000 

0.064 


The curve plotted from these results is shown in Fig. 5 . 

A similar experiment was then performed by annealing the pieces 
for 3 hr. in a current of pure, dry oxygen. 

The results are very similar to those obtained in air and CO 2 . 


The curve plotted from the following 

table is shown in Fig. 5. 

Piece No. 

Temperature, 
® F. 

Depth of Decar- 
bonization, 


Inches 

1 

1,300 

0 000 

2 

1,400 

0 002 

3 

1,600 

0.006 

4 

1,600 

0.012 

5 

1,700 

0.017 

6 

1,800 

0.027 

7 

1,900 

0.040 

8 

2,000 

0.068 


A test piece was then annealed for 3 hr. at 2,000® F. in a current of 
pure, dry carbon monoxide. Microscopic examination revealed no trace 
of decarbonization. The CO used was first freed from oxygen and CO 2 
by passing through a tube filled with highly heated carbon, and then 
through several wash bottles containing caustic potash solution. A 
flask of lime water was placed in the train at both the entrance and the 
exit of the furnace, to detect any traces of CO 2 either entering or escaping. 

A second test piece was then annealed in the same manner, except 
that a clay boat filled with hammer scale (FeaO^ was placed in the furnace 
in such a position that the current of carbon monoxide would pass over 
it before reaching the steel. As soon as the furnace reached its tempera- 
ture it was observed that a gas was being evolved within the furnace. 
A noticeably larger quantity of gas was escaping from the furnace than 
was entering it. This would indicate that the Fe 304 was probably giving 
up part of its oxygen. This evolution of gas continued through th€ 
entire period of annealing. The gases escaping from the furnace were 
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found to contain considerable quantities of CO 2 . The CO 2 was probably 
formed by the following reactions: 

Pe 304 = 3FeO O. 

CO H" 0 = C02- 
FeO + CO = Fe + CO 2 . 

Microscopic examination of the annealed specimen revealed that the 
decarbonization had penetrated to a depth of 0.096 in. 

To test the effect of water upon decarbonization, a test piece was 
annealed at 1,700° F. in a current of steam, the water from which the 




Fia. 5 . — DbCABB ONIZATION OP 
Stbbl Abnbalbd in Aib, Qxtqen, and 
Casbon Dioxidb. 


Fig. 6. — ^Eppbct op Ebpbatbd An- 
nealing ON Decakbonization op 
Steel. 


steam was derived being first freed from CO 2 and air by prolonged boil- 
ing. Examination of the annealed specimen revealed a decarbonization 
to a depth of 0.030 in. 

To test the effect of repeated annealings, a test piece was first packed 
in a tube with a small amount of charcoal, air being given limited access. 
It was then repeatedly annealed for 10 hr. each time, at a temperature of 
1,450° F. The decarbonization was measured after each annealing, the 
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results being shown in the following table. The action was due to the 
CO 2 formed by the charcoal and the oxygen of the air. 


No. of Times Annealed 

1 

2 

3 

4 

5 

6 

7 

8 
9 

10 


Depth of Decarbonization, 
Inches 

0.009 
0.016 
0.017 
0 015 
0.019 
0.024 
0.026 
0.032 
0 038 
0 040 


The curve plotted from these results shows that the rate of increase 
in depth of decarbonization with repeated annealings is a constant. 
(See Fig, 6.) 

In all of the experiments referred to above, decarbonization has been 
effected by oxygen in the form of a gas. In order to determine if it is 
necessary for the oxygen to be in the form of gas to combine with the 
carbon in the steel, the following experiment was performed: A crucible 
of lead was saturated with lead oxide by the addition of litharge. A test 
piece was annealed in it for 3 hr. at 1,500° F. Microscopic examination 
revealed decarbonization at a depth of 0.024 in. This shows that easily 
reducible oxides such as Pb 20 , when dissolved in a molten bath, may • 
also effect the elimination of carbon. 

The conclusions to be drawn from these experiments are several : 

It is shown that carbon is removed from the steel by a process of 
oxidation. 

The oxidation is effected by either gases or liquids. 

The principal active agents of the gases are air, CO 2 , and water. 

Of the liquids any good oxidizing agent dissolved in a liquid bath 
may be the active agent. 

During the annealing the CO 2 necessary for the elimination of carbon 
may be formed through the reduction of iron oxide by CO, 

No case has been observed where carbon was eliminated while the 
steel was heated below its critical point. This indicates that it is neces- 
sary for the carbon to be dissolved in the iron before decarbonization 
can take placel 

It has been shbwn that the rate of decarbonization under uniform con- 
ditions is constant, without regard to the depth to which it has proceeded. 
From this we may infer that the carbon is transferred from the interior 
to the surface by diffusion through the solid solution. The oxidation 
takes place only at the surface. 
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Practical Applications 

The decarbonization of steel is of great practical interest to every 
user of tool-steel products. With but few exceptions, all tool steel 
furnished by the makers shows decarbonization to a greater or less de- 
gree. This is the result of various heating processes during manufacture. 
The decarbonized surface, or “ bark,” as it is commonly called, must be 
removed before the steel is used for cutting tools, wearing surfaces, etc. 
The depth of bark may vary greatly owing to oxidizing conditions during 
the hammering, rolling, and annealing of the rough material. 

The most common method of inspection conasts of hardening a piece 
of the material, breaking, and examining thei hardened fracture by means 
of the naked eye or hand magnifier. The bark is thus distinguished by 
its fracture being coarser than the high-carbon interior. To examine 
the reliability of this method the following experiment was performed: 

A bar of |-in. round crucible steel was selected, having the same 
composition as the one used in the previous series of experiments. It 
was annealed and examined microscopically. The bark was found to be 
approximately 0.015 in. in depth. Pieces were cut from this bar and 
hardened at various temperatures. Microscopic examination was then 
made of a piece hardened at each temperature, the decarbonization being 
measured to the point where the normal structure of the interior began. 

The depths of bark shown by the microscope on the various pieces 
were as follows: 


Piece No. 

Temperature of 

Depth of Bark, 

Hardening, ® F. 

Inches 

1 

1,370 

0.015 

2 

1,380 

0.018 

3 

1,390 

0.018 

4 

1,415 

0.018 

5 

1,435 

0 021 

6 

1,460 

0.020 

7 

1,490 

0.024 

8 

1,530 

0.027 


The increase in the amount of bark observed with the increase in 
temperature is of course due to the fact that an increased amount of 
cementite is held in solution by quenching from the higher temperatures. 

The fflcamination of the hardened fractures gave the following 
results. 

No. 1 was only slightly hardened. The bark scarcely shows at all 
in the fracture. 

No. 2 gives only a very slight indication of bark. 

No. 3 no indication of bark. 

No. 4 very slight indication of bark. 
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No. 5 bark shows more distinctly but only in spots. 

No. 6 bark shows fairly distinctly. 

No. 7 bark very distinct. 

No. 8 the fracture of the interior has become so coarse that there 
is no distinction between it and the bark. 

This method of inspection is therefore reliable only when the harden- 
ing heats are carefully regulated and the results frequently checked by 
microscopic examination. 

The method of inspection which the author has found to be the 
most satisfactory is by microscopic examination of an annealed speci- 
men. The amount of carbon present and the exact condition of the 
bark can be determined very readily. Measurements of the depth of 
decarbonization may be made with a micrometer eye piece. 

In the machhung of tool steel, bark presents serious difficulties. 
It is a well-known fact among machinists that tool steel is frequently 
very difficult to machine near the surface. Also that after this hard 
bark is removed very little difficulty is encountered. This condition 
is almost invariably due to the surface decarbonization of the steel. 

A typical example of this difficulty is found in turning twist -drill 
blanks from the round bar. Here it is sometimes observed that the 
outside of the bar, to a depth of several thousandths of an inch, is very 
soft. Beneath this is a ring about ^ in. in thickness, so hard that it 
cuts a nick in the lathe tool. Below this ring the piece is uniformly 
soft. 

Microscopic examination of such a piece reveals that the extreme 
outside of the bar consists of either ferrite or ferrite mixed with pearlite, 
which would of course machine as easily as machinery steel . The hard 
ring is found to consist of nearly pure pearlite in very coarse crystalline 
grains. The soft interior consists usually of finely divided pearlite and 
globular cementite, which also machines with great ease. Such a bark 
is shown in Fig. 7. The structure of the band of pure pearlite magnified 
1,000 diameters is shown in Fig. 8. 

In case a piece of tool steel is being machined in such a way that only 
a part of this layer of coarse pearlite is removed still greater difficulty 
is encountered. The surface of the work will be rough and the point 
of the tool will be worn out with great rapidity. The rapid wearing of 
the tool makes it impossible to hold a uniform size on any number of 
pieces of work. 

The cause of this layer of coarse crystals is the difference between 
the critical points of eutectoid and hypereutectoid steel. At the correct 
temperature for annealing the hypereutectoid steel, the eutectoid is 
far enough above its critical point to allow the crystalline grains to grbw 
to considerable size. 

The fact that eutectoid steel with the pearlite arranged in coarse 
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Fig. 7. — 100 Diameters. 





Fig, 8,^ — ^^1,000 Diameters. 
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grains is more difficult to machine than hypereutectoid steel in fine grains 
seems at first surprising. This is easily explained when we consider the 
manner in which the steel yields under stress and effect of the various 
micro-constituents upon the cutting tool. 

It has been shown by several investigators that a tool when removing 
a chip from a piece of metal splits it off by an action similar to a wedge. 
In this case the hardest wear on the tool occurs not at the extreme point 
but a short distance back from the point where the pressure of the chip 
is greatest. Fig. 9 shows this condition on an exaggerated scale. 

It will readily be seen that there is always a crack running ahead of 
the tool as it is forced through the material that is being cut. When the 
tool is cutting in coarse pearlite the crack will naturally follow the lines 



Fig. 9. — Diagram Illustrating Action or Metal-Cutting Tools. 

of least resistance. These are the boundary lines of the grains and 
through the gi'ain in the direction of the laminations. This being the 
case, it follows that the larger the size of the crystalline grains and the more 
distinct the lamellar structure, the more irregular will be the crack and 
the rougher the resulting surface. Such a crack passing through a mass 
of coarsely crystalline pearlite is shown in Fig. 10. 

The very rapid wear on the cutting tool engaged in cutting coarse 
pearlite is probably due to two causes: 

First, the rough surface left by the crack running ahead of the tool 
greatly increases the amount of work and friction on the extreme cutting 
edge. The point of the tool is obliged to rub over many protruding grains 
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Fig. 10. — 500 Diameters. 


Fig, 11. — 1,000 Diameters, 
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of pearlite and sometimes to work in and tear others out entirely. The 
result of this extra work is to round off the cutting edge rapidly and 
increase the friction, until the point is entirely destroyed by the heat 
generated. 

The second cause of the extreme wear on a cutting tool working in 
coarse pearlite is the great abrasive quality of cementite when firmly 
held by the alternate plates of ferrite. The sharp angular plates of hard 
cementite in coarsely lamellar pearlite have a much greater abrasive 
action than the rounded masses of globular cementite in well-annealed 
hypereutectoid steel. A grain of coarsely lamellar pearlite exhibiting 
this feature is shown in Fig. 11. 



Fig. 12. — 50 Diambteas. 


A still more difficult form of bark to machine is one which has a band 
of coarse hypereutectoid steel below the band of coarse pearlite. In 
this case the coarse grains of pearlite are bounded by a cementite net- 
work, which seems to add greatly to the difficulty of machining. Fig. 
12 shows a bark in which this phase is marked. At the edge of the bar 
is a band about 0.017 in. in width of mixed ferrite and pearlite in sma ll 
grains. Below this is a band of pure pearlite about 0.030 in. in width, 
with large crystalline grains. Below this is a band of coarse-grained 
hypereutectoid steel about 0.030 in. in width, the grains of pearlite being 
surrounded by a coarse network of cementite. Below this is the normal 
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structure of the interior, which is very fine-grained pearlite with small 
masses of globular cementite. In this piece of steel the band of ferrite 
mixed with pearlite and the hypereutectoid interior of the bar are very 
easy to machine. The bands of coarse pearlite and coarse pearlite 
surrounded by a cementite network are extremely difficult to machine. 

If a piece of tool steel upon which a bark yet remains is hardened 
it is apparent that the surface will be hardened only in proportion to the 
carbon it contains. This may vary down to the point where the surface 
does not contain enough carbon to harden at all. In the great majority 


Fig. 13. — 100, Diameters. 

of cases where tool steel is used for bearings, dies, and cutting tools the 
most severe wear must be borne by the surface or extreme edge. For 
instance, in the case of twist drills, a bark remaining on the tool would 
cause the outside point of the cutting edge, where the speed and wear are 
greatest, to be soft. This would result in the rapid wearing of the outside 
corner, causing the drill to run undersize and so increase the friction as 
soon to destroy the whole point of the drill. The effect of lowering the 
carbon content of the surface of a die or bearing even 10 or 20 points is 
very apparent. * 

Bark is also a frequent cause of checks and firecracks in hardened 
tools. One illustration of this difficulty is shown in Fig. 13, where there 
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is a sharp line of demarcation between the bark and the structure of the 
interior. In this case, when the tool is quenched, a crack is liable to 
start and run along the boundary between the bark and the interior. 

A second case in which bark left on a tool may start firecracks is where 
the coarse network of cementite, as shown in Fig. 12, is present. This 
cementite network is very liable to start a check or firecrack which will 
ruin the tool. The manner in which a cementite network starts hardening 
cracks has been more fully discussed in a previous paper. ^ 

These remarks on the practical applications of a knowledge of the 
decarbonization of tool steel include but a few of the many difficulties 
which may be traced to this source. Each manufacturer and user of 
tool-steel products has of course his own difficulties with decarbonization, 
which can be solved only by research within his own shop. 

In view of the effect of decarbonization upon the quality of tool-steel 
products it is surprising that so small an amount of attention has been 
paid it. 

Discussion 

Albert Sauveur, Cambridge, Mass. — Mr. Emmons is to be con- 
gratulated for having placed before us in so forcible and satisfactory a 
manner a question of much importance — that of the surface decarboniza- 
tion of steel. Of course, both manufacturers and consumers have known 
for many years that during the heat treatment of high-carbon steel, 
surface decarbonization is always likely to occur to a greater or less 
degree, but the subject does not seem to have been investigated with the 
method and thoroughness it deserves. 

I am in substantial agreement with Mr. Emmonses conclusions, and I 
have but little to add to what he has so well said. His statemeilt that 
carbon dioxide is just as effective an oxidizing agent as pure oxygen is 
likely to cause surprise and some will wonder whether his investigation 
has been carried far enough to warrant so unexpected a conclusion. The 
reaction C + O = CO, expressing the oxidation of carbon by pure oxygen, 
is decidedly exothermic, whereas the reaction C + CO 2 = 2CO, express- 
ing the oxidation of carbon by carbon dioxide, is endothermic. De- 
carburization by pure oxygen^ therefore, should take place much more 
readily than by carbon dioxide. 

One cannot help regretting that the author does not mention the best 
way of preventing in a practical manner surface decarbonization while 
treating tool steel and other high-carbon steels. 

Bradley Stoughton, New York, N. Y. — ^In connection with the 
very interesting paper which Mr. Emmons has presented, reference 
should be had to a paper® bearing in an interesting way on the results 
that Mr. Emmons obtained in decarbonization, which was prepared by 

* Iron Age, vol. Ixxxix, No. 8, p. 472 (Feb. 22, 1912). 

® The Decarburisation of Steels in the Salt Baths used for Heating Prior to 
Hardening. 
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A. M. Portevin for presentation at the meeting of the Iron and Steel 
Institute of London in September, 1914. 

E. G. Spilsburt, New York, N. Y. — The point brought out by Mr. 
Emmons regarding the activity of carbon dioxide as an oxidizing agent, 
has been fully recognized in the manufacture and distillation of zinc from 
its ores. In the presence of carbon dioxide, metal in its nascent condition 
is very rapidly decomposed. 

One of the great dijfficulties in the distillation of zinc arises from the 
great affinity of the metallic vapor for oxygen, and the Aim in the whole 
process is to exclude the presence of oxygen as much as is possible. This 
is why we have not been able up to the present time to improve on the use 
of comparatively small units of distilling retorts. 

Even then, from the process itself, carbon dioxide in considerable 
[quantities is formed, and at the temperature inside the retort would very 
itctively react on the metal vapor. It is therefore necessary to pass the 
vapor as rapidly as formed into a zone of temperature below the point at 
pvhich the carbon dioxide becomes inert. In this case the reduction of 
temperature from the point of volatilization of 1,100° to 700° is necessary. 
This may have some bearing on the question Mr. Emmons brings up. 

Oliver W. Storey, Pittsburgh, Pa. (communication to the 
Secretary*). — While carrying on researches in the annealing process for 
cnalleable castings the writer became interested in the surface effects 
produced during the annealing of white iron. It was noticed that 
various commercial malleable products differed, not in the constitution 
of the black heart, but in the surface layers. Some products showed a 
skin consisting entirely of pearlite; others a skin of two layers, the outer 
of ferrite, beneath which was one of pearlite; while some had a skin 
3onsisting entirely of ferrite. 

In the investigation a large number of packing materials were used 
:or the annealing process. These included oxidizing materials, neutrals, 
md materials evolving carbon monoxide. 

The results showed that the chemical nature of the packing material 
pvas usually of little I-- l-. - with a few exceptions. The method of 
packing the castings was of greatest importance. This influenced the 
circulation of the furnace gases in the annealing boxes, since closely 
packed boxes allowed less circulation than those loosely packed. There- 
:ore, the composition of the gases in the annealing furnaces was also im- 
portant. It was found that in those boxes which were loosely packed, 
readily allowing circulation of air (an electric ribbon-wound furnace being 
ised as the heating medium), the resulting malleable iron had a skin 
vhich consisted almost entirely of pure ferrite, with little pearlite, due 
}o the oxidation of the surface carbon by the air. Where the packing 
naterial consisted of a closely packed mass such as finely ground fire clay 


* Received Oct. 15, 1914, 
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the skin consisted of ferrite and pearlite, since the oxidation was retarded- 
Where ground carbon was used the surface usually consisted of pearlite, 
though here the temperature of annealing was important. 

When a highly oxidizing packing was used all of the carbon was 
removed from the surface. If a case-carbonizing mixture at a high 
annealing heat (900® C.) was used the surface of the malleable iron con- 
sisted of a high-carbon steel, giving a hard surface. When carbon was 
used as a packing material the temperature was important owing to the 
equilibrium conditions of the reversible reaction: CO 2 + C 2CO. 

At the lower temperatures CO 2 is in excess and castings annealed 
at these temperatures had a decarbonized surface though packed in 
carbon. This was due to the action of CO 2 , as pointed out by Mr. 
Emmons in his paper. At the higher temperatures more CO was pres- 
ent and the surface consisted of pearlite. 

From the results it will be seen that in the malleable process the com- 
position of the furnace gases and the method of packing influence the 
skin structure. 

In a paper before the September meeting of the American Foundry- 
men^s Association the writer called attention to the surface action of 
both CO and CO 2 and the commercial advantages in being able to obtain 
a soft carbonless rim or one of high-carbon steel of excellent wearing 
qualities. The results obtained in the researches of Mr. Emmons, with 
slightly modified conditions, are directly applicable to the 'making of 
malleable iron. 

H. O. Hopman, Boston, Mass, (communication to the Secretary*). — 
The explanation for the surface decarbonization of tool steel by J. V. 
Emmons is based in part on the experiments of F. Wiist {Metallurgies 
vol. V, No. 2 (1908)) which show that in an evacuated tube ferric oxide 
gives off some of its oxygen at 600® C. and continues to do this as the 
temperature is raised: Thus, at 

1,050® C., Fe208 is changed into Fe 203 .Fe 0 ( — Fe304). 

1,100® C., FeaOi is changed into Fe 203 . 2 Fe 0 ( = Fe406). 

1,200® C., Fe405 is changed into Fe 203 . 3 Fe 0 ( = FeeOe). 

It has been proved experimentally by three investigations that at atmos- 
pheric pressure ferric oxide is not decomposed by heat alone at 1,300® C. 

K. Honda and T. Sone {Science Reports of the Tohohu Imperial 
Universitys Sendai, Japan, vol. iii, p. 223 (1914)) found that hematite 
remained unchanged when heated to 1,300® C., in a current of air. 

W. Mostowitsch and H. 0. Hofman {Trans., xl, 807 (1909)) at an 
earlier date heated ferric oxide in a current of air to 1,500® C. and found 
no change in weight. 

E, G. Kohlmeyer {Metall und Erz, vol. x, pp. 447 to 483 (1913)) found 
that in a current of oxygen at 920® to 950® C. the red Fe 203 became black, 


* Received Dec. 21, 1914. 
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lost oxygen as the temperature was raised, and fritted at 1,370” with 
the formation of Fe20s.Fe0. 

The new compound gave up more oxygen with increase of temperature, 
fused at 1,470°, and formed SFezOs.SFeO; this further lost oxygen up to 
1,520°, when there was formed 4Fe208.3Fe20s; and the last gave up 
oxygen as the temperature was raised, and fused at 1,600° with the 
formation of Fe203.Fe0, which corresponds to the well-known Fe304. 

J. V. Emmons (communication to the Secretary*). — The writer is 
deeply indebted to Professor Sauveur for the favorable co mm ents on 
his paper. The fact that carbon dioxide is as powerful an oxidizing agent 
as pure oxygen was at first surprising, although it is well known that at 
temperatures above the critical points of high-carbon steel it is slightly 
dissociated into CO -f 0. It was shown by the several experiments with 
different oxidizing agents that the rate of decarbonization was similar 
in all eases, and that in the presence of any oxidizing agent the rate of 
decarbonization was a function of the temperature only. This was 
taken as an indication that the rate of decarbonization was dependent 
upon the rate of diffusion of FesC through gamma iron. Further con- 
firmation of the activity of carbon dioxide as an oxidizing agent at high 
temperatures is found in the discussion by Mr. Spilsbury and Mr. Storey. 

The prevention of decarbonization is obviously a question of pre- 
venting the access of oxidizing agents to the steel while heated above its 
critical points. The writer regrets that no simple rule for doing this 
can be laid down. The heat treatment of tool steel assumes such a variety 
of forms that the accomplishment of this end is largely a matter of 
ingenuity in dealing with specific problems. 

The paper of Mr. Portevin is especially interesting for the information 
given in regard to the equilibrium between carbonization and decarboniza- 
tion. His results indicate in a striking manner that the rate of carboniza- 
tion as well as decarbonization is a function of the rate of diffusion of 
the carbide through the solid solution of FesC in gamma iron. 

There is no question that a knowledge of the mechanism of decar- 
bonization is of great value in the production of malleable iron, as Mr. 
Storey so well says. The commercial possibilities of a skillfulregulation of 
the condition of the carbon in the skin or rim of the casting are very great. 

The writer will not dispute the contention of Mr. Hofman that ferric 
oxide is not decomposed by heat alone at atmospheric pressure, as in all 
the experiments performed there was present carbon monoxide, which 
would serve to start the decomposition. Indeed, in' the commercial 
heat treatment of tool steel carbon monoxide is almost invariably present. 
Further confirmation of this decomposition of ferric oxide will be found 
in the work of C. M. Johnson. {Journal of Industrial and Engineering 
Chemistry, vol. i. No. 7, p. 469 (July, 1909)). 


* Received Mar. 10, 1916. 
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The Heat Treatment of Steel Castings 


BT C. D. YOTJNG, O. D. a. pease, and C. H. STEAND, ALTOONA, PA. 

CNew York Meeting, February, 1914) 

In an effort to employ cast steel of a stronger structure than that 
found in the annealed steel castings, the possibilities of heat treatment 
which will increase the strength without materially decreasing the duc- 
tility may be resorted to. 

The following abstracted report (which is a brief outline of what has 
already been done by the Pennsylvania Railroad Co. at its shops and Test 
Laboratories at Altoona, Pa.) is of material interest, as it indicates what 
may be done with steel castings when properly treated, thereby permitting 
in railway service greater strength of cast steel parts without any increase 
in weight or space. 

The question of the heat treatment of alloy steel castings is not taken 
up in this paper. 

The obscurity formerly surrounding the heat treatment of steel has 
been for the most part removed by the development of our knowledge 
of the critical points of steel, pyrometers, furnace construction, and the 
testing of the finished product. 

The operations of the heat treatment proper will be taken up under 
the heads of (1) heating for quenching; (2) quenching; (3) drawing. 

(1) Heaiing for Quenching . — Heating for quenching is best conducted 
slowly, especially in the case of castings of variable thickness. Cracks 
may occur either in heating or in cooling, due to different temperatures 
at different points of the casting. The castings should be thoroughly 
soaked at the maximum temperature (generally 1,500® to 1,600° F.), 
1 hr. being sufficient for sections 1 ft. in thickness. The minimum tem- 
perature which will produce the desired hardening effect will, in all cases, 
be found to be the most satisfactory, as the grain coarsens when the 
critical range is exceeded to too great an extent. All temperatures should 
be governed by a checked pyrometer with the hot junction to the heated 
object, and with several couples in a large furnace to insure a uniform 
temperature. 

(2) The Quenching Operation . — The casting should be transferred as 
quickly as possible from the furnace to the quenching bath, and in the 
case of large castings, such as locomotive frames, this is by no means a 
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simple matter. The larger castings are best handled by means of cranes 
and rollers. 

The quenching agent employed is generally water or oil, preferably 
the former, because of its cheapness and drastic cooling effect, more 
readily breaking up the coarse cast-steel grain. With intricate castings 
it is generally best to use oil. With water, it is possible to have a large 
tank and a large running stream, serving to maintain a uniform tempera- 
ture. Castings should never be thrown in to rest on the bottom of the 
tank, but should be agitated to prevent the formation of a coating of 
vapor, retarding the quenching effect. It is also best, whenever possible, 
to quench the thicker portions first. 

(3) The Drawing Operation . — Whenever possible, the drawing should 
be done in a bath of some kind, such as lead, barium chloride, a barium 
chloride-salt mixture, or oil. In the case of large castings this is mani- 
festly impossible, and great care should be exercised in obtaining a 
uniform temperature in the drawing furnace. 

The use to which the casting is to be put determines the drawing 
temperature, railroad work, by reason of the shock and vibration of the 
road, requiring high ductility at the sacrifice of some strength. 

The results of some tensile, chemical, and micrographic tests of 
commercially annealed and experimentally heat-treated cast-steel bolsters 
accompany this paper. The following table shows the heat treatment 
and the results of tensile and chemical tests: 



Commercially annealed 

Heat treated 

Bolster No 

B43 

B18 

B2 

B29 

BIO 

B39 

B16 

BB 

Elastic limifc, pounds 

30,950 

36,700 

36,070 

41,990 

44,663 

61,940 

61,390 

54,930 

Ultimate strength, pounds 

67,610 

78,665 

74,020 

69,783 

80,393 

87,890 

92,750 

84,290 

Elongation in 2 in., per cent. . . . 

14 8 

6.0 

12.3 

6.3 

13 2 

4.3 

11 7 1 

17.3 

Eeduotion of area, per cent 

26.8 

4 5 

16.0 

5 9 

19 0 

7.7 

16.4 

27.3 

Analysis 









Carbon, per cent 

0.31 

0.61 

0 36 

0.49 

0.32 

0.33 i 

0.33 

0.30 

Manganese, per cent 

0.82 

0.68 

0 63 

0.70 

0.62 

0.88 : 

0.76 

0.62 

Silicon, per cent 

0.34 

0.31 

0.36 

0.34 

0 26 

0 41 

0.37 

0.36 

Phosphorus, per cent. 

0.016 

I 0.045 

0.036 

0.036 

0 042 

0 014 

0.041 

0.032 

Sulphur, per cent 

0.010 

0.030 

0.016 

0.042 

0.030 

0.026 

0.029 

0.018 

Heat treatment 









Annealed at#, P.®, 

3.500 

1,650 

1,660 

1,560 

1,680 

1,640 

1,600 


Quenched in water at, E,® .... 

1,600 

1,600 

1,600 

1,600 

Drawn to, F.® 





900 

900 

900 

900 








l 



Examination of the accompanying photomicrographs. Figs. 1 to 8, 
inclusive, shows the inefficiency of the manufacturer's annealing, which is 
by no means uncommon- The contrast between the annealed samples 
and the treated samples is readily ^ apparent. Pigs. 1 and 3 show 
a coarse needlelike ferrite formation, traces of the casting structure, 
not obliterated by annealing. Figs. 2 and 4 show the structure of some 
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Cast-Steel Bolsters, Com' 

MERCIALLY ANNEALED 

Physical Test 

B43 BIS 

Ult. str., lb. 

per sq. in. 57,610 78,665 

Elas. lim., Ib. 

per sq. in. 30,950 36,700 

Red. of area, 

per cent. 26.8 4 . 

Elong. In 2 

Magnification 100 diameters. Etched with picric acid. in., per cent. 14.8 6.C 

Fig. 1. — No. B43. Coarse Needle-like Ferrite Structure, 

Indicating Poor Annealing. 




Heat Treatment 
Annealed at. . , . . 1,500® F. 


Magnification 100 diameters. Etched with picric acid. 

Fig. 2, — No. B18. Coarse High-Carbon Structure. The Feb- 
BiTE IS Segregated in Large Areas. 


Chemical Analysis 


Carbon 

Manganese . . 

Silicon 

Phosphorus . . 
Sulphur .... 


B43 B16 

0.31 0.51 

0.82 0.68 
0.34 0.31 

0.016 0.045 

0.010 0.030 
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Magnification 100 diameters. Etched with picric acid. 


Cast-Steel Bolsters, Com- 
mercially Annealed 


Physical Test 

B2 

Ult str., lb. 

B29 

per sq. in. 74,020 
Elas. lim., lb. 

69,783 

per sq. in. 46,070 
Red. of area, 

41,990 

per cent. 16 . 0 

Elong. in 2 

5.9 

in., per cent. 12.3 

5. .3 


Fig, 3.— No. B2. Coarse Needle-like Ferrite Structure, 
Indicating Poor Annealing. 



Chemical Analysis 



B2 

B29 

Carbon . . . . 

0.35 

0.49 

Manganese. , 

. 0.63 

0.70 

Silicon 

. 0.36 

0.34 

Phosphorus . 

, 0.036 

0.036 

Sulphur . . . , 

, 0.016 

0.042 


Heat Treatment 
Annealed at 1,550® F. 


Magnification 100 diameters. Etched with picric acid. 


Fig. 4.— No. B29. Coarse High-Carbon Structure. The Fer- 
rite Forms a Thick Network. 
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Cast-Steel Bolsters, Heat 
Treated 

Physical Test 

BIO B39 

Ult. str., lb. 

per sq. in. 80,393 87,890 

Elas. lim., lb. 

per sq. in. 44,663 61,940 

Bed. of area, 

per cent. 19.0 7.7 

Elong. in 2 

in., per cent. 13.2 4.3 


Heat Treatment 

BIO B39 

Annealed at, 1,580 1,640. 

Quenched at 1,600 1,500 

Drawn to. . . 900 900 


Magnification 100 diameters. Etched with picric acid. 


Fig, 5. — No. BIO. Good Heat-Treated Stbdcture. The Large 
Amount of Ferrite Lends Ductility. 


Chemical Analysis 



BIO 

B39 

Carbon 

. 0.32 

0.33 

Manganese . , 

. 0.62 

0.88 

Silicon .... 

0.26 

0.41 

Phosphorus . 

0.042 

0.014 

Sulphur. . . . 

0.030 

0.025 


Magnification 100 diameters. Etched with picric acid. 

Fig. 6. — No. B39. Shows Too Little Fe rrite. Giving Low 
Elongation. 
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Magnification 100 diameters. Etched with picric acid. 

Fig. 7. — No. B15. Good Heat-Teeated Stbuctuee, Showing 
Small Fine Fereite Network. 


Cast-Steel Bolsters, Heat 
Treated 

Physical Test 

B15 BB 

Ult. str., lb. 

persq. in. 92,750 S4,290 

Elaa. lim., lb, 

per sq. in. 61,390 54,930 

Red. of area, 

percent. 15.4 27.3 

Elong, in 2 

in., per cent. 11.7 17.3 



Chemical Analysis] 



B15 

BB 

Carbon . . . . 

0.83 

0.30 

Manganese . 

0.76 

0.62 

Silicon . . . . . 

, 0.37 

0.36 

Phosphorus . 

. 0.041 

0.032 

Sulphur . . . . 

0.029 

0,018 


Magnification 100 diameters. Etched with picric acid. 


Fig 8 — N o B B . Good Heat-Treated Strtjctohe* Showing] 
Small Fine Ferrite Network. 
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experimental high-carbon bolsters, which a,re not sufficiently ductile. 
Figs. 5, 7, and 8 show excellent heat-treated structures, with a very fine 
ferrite network. Fig. 6, while given the same heat treatment as the others, 
shows very little free ferrite, checked by the low elongation of the tensile 
test. This may be due to the high manganese and silicon content. The 
heat treatment of these castings would have been more satisfactory with 
a drawing temperature of 1,100° F. instead of 900° F. 



The plot. Fig. 9, shows the average results of a considerable number 
of tensile tests made from large castings. It will be observed that the 
heat treatment increases the elastic limit about 50 per cent, and the 
ultimate strength about 25 per cent., without any material change in 
elongation. The heat treatment to produce these results is also shown in 
the plot. In the event a fair amount of ductility is required, it is not 
desirable to have the carbon content above 0 36 per cent. Individual 
results will vary from 5 to 10 per cent, from the average results. 
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Discussion 

C. H. Steand. — I would like to supplement the description of the 
photomicrographs by an interpretation of them by some figures which I 
have made which will perhaps be rather a departure from what has been 
done in the past. 

Since this paper was written, there has been considerable agitation 
concerning the question of grain size in steel. As a result, Mr. Young, 
Engineer of Tests, P. R. R., has asked if it is not possible to devise a 
metallographic specification of necessarily wide tolerances. The results 
of my work in this connection have convinced me that the size and 
amount of the ferrite areas is the shortest and best means of judging the 
grain size in annealed and heat-treated steels. Ferrite has a tensile 
strength of 50,000 lb. per square inch; pearlite, 110,000 lb.; and sorbite, 
somewhat higher. Obviously, as the percentage of ferrite and size of 
individual ferrite areas decrease, the strength of the steel increases. 
However, there must be a maximum and minimum limit for this con- 
dition. In a steel with large ferrite areas fracture easily originates and 
progresses. Finding the method of measuring areas too tedious, I decided 
simply to measure the length of the longest axis or dimension of several 
of the largest grains in the field, average them, and calculate the theoret- 
ical number of these in a row per inch. I have estimated the grain size 
of the steel from the eight photomicrographs from this paper, which are 
as follows: 

Annealed: Ferrite Cells per Inch 


Fig. 1, No. B43 

14,000 

Fig. 2, No. B18 . 

. . 13,000 

Fig. 3, No. B2 

. 15,000 

Fig. 4, No. B29 

. 27,000 

Average, annealed . 

17,200 

Heat Treated: 


Fig. 5, No. BIO 

. .. . . 52,000 

Fig. 6, No. B39 

100,000? 

Fig. 7, No. B15 


Fig. 8, No. BB 

60,000 

Average, heat treated 

78,000 

•The average of annealed samples is 

17,200 and of heat treated is 

78j000, showing, as is to be expected, a 

much finer grain in the heat- 

treated steels. The results of B39 are'^-not reliable as the amount of 

ferrite is small and indistinguishable. 


In railroad work, the sections are for the most part large, few alloy 
steels are used, and the carbon content is fairly low, resulting in the 
presence of only the constituents ferrite, pearlite, sorbite, with some 
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troostite. I believe it possible to devise some roughly accurate short and 
very useful metallographic specification for annealed and heat-treated 
steel. I would be pleased to have opinions from those present on this 
matter and to exchange specimens and views on methods of carrying on 
this work, with the object of the adoption of a standard metallographic 
specification. 

Edwin F. Cone, New York, N. Y. — I want to call particular at- 
tention to the results which are given here of commercially annealed 
steel. I have had several years’ experience in the past in producing steel 
castings for railroad work, especially locomotive frames, and the point 
to be made at the outset, it seems to me, is that everything depends, 
in the case of large steel castings in particular, upon the location of the 
test bar or the piece of steel from which the tests are to be made. In the 
case of a bolster, the conditions under which these are annealed differ 
from the test bar that might occur on a locomotive engine frame. Also, 
the original microstructure is totally different in each case, rendering 
comparisons unfair. 

I have never seen results in commercially annealed steel which will 
compare as to .inferiority with the results given in the paper., Here is 
a tensile strength of 78,000 lb. per square inch with an elongation in 2 in. 
of only 6 per cent. Here is a tensile strength of 57,000 lb. per square inch, 
with carbon 0.31 per cent., with an elongation of only 14.8 per cent. 
Ordinarily, in ninety-nine cases out of a hundred, cast steel with a carbon 
of 0.31 will give a much higher tensile strength, and an elongation at least 
twice 14.8; or even two and a half times that. The 0.49 carbon is given 
here with a tensile strength of only 69,783 lb. per square inch, which is 
absolutely contrary to the results obtained from commercially an- 
nealed castings. Of course, a great deal depends on the location from 
which these tests were taken. 

The heat-treated tests are very interesting, and especially the method 
of heat treatment. I have known for some time that experiments were 
being made, and have been very anxious to hear of the results. I feel 
somewhat surprised that the elongation and the reduction of area are so 
poor as compared with the tensile strength, and also that the elastic 
ratio is not higher than is shown here; that is, I mean by the elastic ratio 
the quotient derived by dividing the tensile strength into the elastic 
limit. 

I want to add, particularly, that the same results and much better 
ones have been obtained experimentally, and also commercially, by what 
is called air tempering; that is, ‘heating the castings to just about the re- 
calescence point, and pulling them out in the air to cool. By this method 
one secures a higher elastic limit, as compared with the tensile strength 
and elongation, far superior to those shown in this table. 

I would like to ask the authors from what location in the castings these 
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tests were taken, and whether the heat-treated tests as compared with 
the commercially annealed tests were from the same class of steel castings, 
locomotive frames, or whether they were taken from other pieces. 

John H. Hall, New York. — Mr. Young's most interesting and 
valuable paper is exceedingly welcome at this time, and to me at least has 
a strong personal interest. Some five years ago, when I was engaged in 
seeking to produce a cast steel that should be capable of resisting severe 
and suddenly applied stresses in service, I advocated the use of a steel 
of about 0.25 per cent, carbon, quenched in water or oil, and reheated. 
My superiors in, the company by which I was then employed were star- 
tled, to put it mildly, by my proposal to subject ordinary steel castings to 
so drastic a treatment as quenching in cold water. I was fortunate enough, 
however, to be in the employ of men who could be ''shown," and the 
treatment was adopted and has been used ever since. 

Last June I presented a paper on the Heat Treatment of Cast Steel 
before the American Society for Testing Materials, and endeavored to set 
forth the advantages of heat treatment, properly so called, for cast steel. 
It was politely pointed out to me in discussion that though, of course, 
water quenching might be all very well to give fine microstructures to 
laboratory test bars, yet such treatment of real castings would be out of 
the question, on account of the danger of setting up serious stresses and 
cracHng the castings. 

My paper presented before this Institute at the last October meeting, 
on Shock Tests of Cast Steel, was read largely to show the advantages of 
heat treatment for cast steel. In the discussion of the paper, no criti- 
cism was offered of the methods of treatments suggested. 

It is most gratifying, therefore, to find at this time that other shdps 
have taken up the heat treatment of castings, and especially to read in Mr. 
Young's paper (p. 425) "The quenching agent employed is generally 
water or oil, preferably the former, because of its cheapness and drastic 
cooling effect, more readily breaking up the coarse cast-steel grain. With 
intricate castings it is generally best to use oil." Evidently others have 
found that the danger of cracking castings by quenching them in water 
has been greatly exaggerated, as I found five years ago; and that the fine 
microstructure and accompanying strength and toughness produced by 
quenching are advantages well worth securing. 

Mr. Young states that 1 hr. at about 816® to 871® C. is sufficient for 
the first heating. I myself am inclined to consider this a little too short 
a heating, when the very best results are to be attained. Again, he gives 
temperatures for the second heating varying from 482® to 593® C*, for 
a 0.30-carbon steel. It is not stated how long the castings were sub- 
jected to this temperature, and I should like to ask Mr. Young whether he 
has investigated the influence of the time of second heating upon the phy- 
sical properties of the steel. My own experience has been that several 
VOL. L. — 28 
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hours are needed to remove the quenching stresses and draw the hardness 
to the desired degree. 

The reheating temperatures given seem to me rather low. Personally, 
I have preferred to reheat the castings for several hours to a temperature 
closely approaching Arl, some 660° to 680° C., in order to obtain the 
greatest possible toughness, without sacrificing strength to too great an 
extent. Mr. Young presents no figures for shock toughness of his steels, 
nor, in the plot at least, does he mention contraction of area — ^a most 
important property. I am inclined to think that with such low drawing 
temperatures as Mr. Young gives in his paper, a shock test would show 
that the quenching hardness had not been sufficiently drawn. I am not 
quite clear on this point, however, in that Mr. Young’s paper gives but 
four tests of 0.30-carbon steel, with an average elongation of but 11.6 per 
cent., and an average contraction of area of 17.3 per cent., while in the 
plot he gives an average elongation for 0.30-carbon steel, heat treated, of 
25 per cent., and does not state the contraction of area. 

The following 17 tests (Table I) were made upon coupons attached by 
their long sides to castings of an average weight of about 1,600 lb. These 
results were selected at random from some 2,000 tests. These castings 
averaged from 0.20 to 0.30 per cent, carbon, from 1.10 to 1.30 per cent, 
manganese, and about 0.30 per cent, silicon. Phosphorus and sulphur 
were about 0.05 per cent. They were heated 3 or 4 hr. at 900° C., 
quenched in water, and reheated for from 5 to 8 hr. to from 650° to 680° 


Table I 


Tensile Strength 

Elastic Limit 

1 Extension, Per 
Cent in 2 in. 

Contraction, 
Per Cent. 

9 

Fremont Kgm. 

i 

Bend i by 

1 in. on 1-in. 
Mandrel 

88,850 

63,500 

26 60 

52 90 

1 

19.0 

180 

88,300 

61,240 

28 11 

54 75 

14 0 

1^0 

89,600 

60,400 

26 19 

47 30 

15 0 

180 

85,950 

60,400 

28 36 

59 05 

22 0 

180 

89,200 

61,020 

26 19 

51 00 

11 0 

180 

100,000 

70,820 

23 80 

49.65 

23.5 

180 

92,850 

62,300 

24 66 

55 60 

15 0 

180 

90,100 

60,200 

26.95 

58.75 

13 0 

180 

98,800 

66,680 

22 80 

48.75 

24 0 i 

145 

88,550 

60,600 

26.60 

54.40 

11.0 1 

180 

96,150 

65,070 

25.57 

57 15 

15.0 

180 

90,000 

55,100 

31 05 ! 

56 30 

15.0 

180 

85,100 

55,970 

29 14 

58.80 

30 0 

180 

80,800 

51,510 

29 14 

62 50 

28 5 

180 

90,700 

62,780 

27 20 

56.60 

25 5 

180 

85,950 

51,040 

25.26 

58 60 

30 0 

180 

83,450 

51,700 

29.69 

60.45 

27.5 

180 
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Table II 


Source 

Tensile 

Strength 

'Elastic Limit 

Elongation 
m2 in., Per 
Cent. 

Contrac- 
tion of 
Area, Per 
Cent. 

1 Fremont 
Kgm. 

Bend i by 

1 in,onl-m. 
Mandrel 

J. H. H , Table I. 
Average 

Lowest 

Highest 

83,780 

80,800 

100,000 

60,020 

51,040 

70,820 

, , 

26 9 

22 8 

31 05 

i , , . 

55.44 
47 3 
62.5 

19 9 
11.0 

30 0 

177 6 
i 145 , 
180. 

Young, Tests 

Average 

Lowest 

Highest 

86,330 

80,393 

92,750 

55,730 

44,663 

61,940 

11.6 

4 3 
17.3 

17.3 
7.7 

27.3 









Young, Plot 

0.30 C. steel 

89,000 

55,000 

24 0 



•• 




C. The very high tensile strength and elastic limit, coupled with high 
elongation, very high contraction of area, a nearly perfect bending test, 
and an excellent shock toughness, are very noticeable. In Table II, I 
have summarized Mr. Young's results and my own, in order to show that 
by the use of higher drawing temperatures (and a high percentage of 
manganese) it is possible to secure castings as strong as those of Mr. 
Young, but much tougher than those he shows in full. It would be most 
interesting, as I said before, if Mr. Young would supplement his excellent 
paper by giving us more detailed information on the tests upon which his 
plot is based. 

0. D, A. Pease. — ^Relative to the test specimens, as brought out 
earlier in the discussion, these test specimens were cut from the bolster 
itself, from that part of the bolster which was not strained during the 
time of the transverse test of the full-size bolster, and were taken outside 
of the supporting knife edges. It is interesting to note in connection with 
the manufacture of steel castings, such as bolsters, that the sections are 
rather thin, and I might remark, in the way of getting an elongation in 
our tests, which is considered a little low as compared with the other 
properties, that it is due to the fact that the chances of getting a sound 
test piece out of the casting are about one out of ten. 

The reason why the tensile test results as shown in the table do not 
check well with those shown on the plate is that the figures in the table 
are from light castings, or bolsters, as stated, and the plate shows the 
figures as taken from heavy castings. We did get some good results 
from heavy castings. I might mention here one which I have noted. It 
happens to be a part of a locomotive frame. (By the way, we have some 
heat-treated locomotive frames in service, and they were quenched in 
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water.) It is about 0.30-carbon steel, double water quenched at 1,550° 
F., and the temperature drawn to 1,110°. This casting gave tensile 
results as follows: 51,000 lb. elastic limit, 90,000 lb. ultimate strength, 
a ratio of about 57, an elongation of 23.3 per cent., and a reduction of 
area of 41,1 per cent. We have duplicated such results as these on a 
number of occasions, and consider that they were very good. 

In the matter of heating for 1 hr. for a foot thickness, I will say that 
this is considered by most people rather short, and I rather agree with 
Mr. Hall on that point. A good many of the mills take light castings, 
for instance, and let them soak for a period of about 4 hr. after the tem- 
perature is apparently up. For heavy castings some people allow 6 hr. 
The most vital thing in connection with heat-treating castings, especially 
those of irregular shape, weight, size, and form, is the time during which 
you have them in the water. This depends on the cross-sectional thick- 
ness and the irregularities of the shape. Four minutes are probably 
sufficient for water quenching of a casting of from 4 to 6 in., square or 
round, in cross-section. This gives suificient chilling effect, and as long 
as the glow has absolutely disappeared, and the casting has steamed 
off and dried quickly when removed from the water, it is chilled and 
quenched. It should at that time be removed directly to the drawing 
furnace, before it is allowed to become cold. This eliminates the possi- 
bility of the introduction of any quenching stresses, and will also eliminate 
the chances of cracking. 
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Manganese Steel, with Especial Reference to the Relation of 
Physical Properties to Microstructure and Critical Ranges 

BY W. S. POTTBB, PITTSBURGH, PA. 

(New York Meeting, February, 1914) 

The proportions of manganese and carbon in manganese steel are 
familiar to all, because manganese-steel castings have been well known for 
a decade or more in this country. The same alloy has now become a 
commercial product in the wrought state, and, as not only rails and bars 
are rolled daily but a great variety of forged and otherwise fabricated 



Fig. 1. — ^Heating Curves Nos. 1 aot 2. Forgings. 
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shapes are appearing, it may be interesting to mark the progress and, 
perhaps, to look a little closely into the nature of this important material 
of engineering. 



Accordingly, this paper sets forth briefly the results of a few tests and 
experiments and endeavors to connect the retardations, for the most part 
•slight, observable in heating and cooling curves, with changes in micro- 
structures seen after various heat treatments of the metal, and to correlate 
these with physical tests. 
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Retardations in Heating and Cooling 

Concerning heating and cooling curves, it should be noted at the out- 
set that when the steel has once been so treated that it has a uniform 
austenitic structure, it may be heated and cooled either slowly or rapidly 
between, say, 0° C. and its melting temperature (ordinarily at between 
1,350° C. and 1,375° C.) and the retardations observable are slight, and 
without many repetitions, these might well be attributed to vibration or 



Corrections: At 800“ C. add 15“; at 900“ C. add 17“; at 1,000“ C. add 25“; at 1,100“ C 
add 30“; at 1,200“ C. add 28“. 

Fig. 3. — Heating Citkve No 4. Casting. 

Crucible Melt No. 8. Mn, 14.15; C, 1.51; Si, 1.06 

error of instruments. Specimens taken from small castings, and also 
rolled or forged pieces, generally show but slight retardations. 

However, when the metal is first slowly frozen, and then slowly cooled 
— for example, at the rate of cooling prevailing in the interior of even a 
small mill size ingot — the retardations are much sharper and greater. 
As the manganese and carbon percentages are raised, the separable con- 
stituents are increased, also by slower freezing, and cooling, the separa- 
tions are increased. With greater separations the retardations are natu- 
rally greater. 
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The structural constituents of the series of metals from 9 to 20 per 
cent, manganese, and from 1 to 2 per cent, carbon (probably also of alloys 
considerably outside this range) are gamma iron, or austenite; cementite, 
a double carbide of manganese and iron; a eutectic of cementite and aus- 
tenite; and what appears to be a second eutectic of lamellar structure. 
Structures which have the appearance of martensite, troostite, and sor- 



bite are also found in their proper relative positions. In cooling from the 
liquid, gamma freezes out as excess. Next, the lamellar eutectic freezes, 
although it is possible that the lamellar arrangement is due to mechanical 
break-up slightly below the end of freezing. Lastly, the residual liquid 
mixture of cementite and gamma iron freezes~this eutectic is white and 
is usually in part, or wholly, surrounded by the lamellar eutectic, although 
it sometimes appears within the austenite as a nodule from which the 
cementite radiates. As the temperature falls below 825"^ C. there is a 
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separation of the cementite from the austenite, giving rise to a variety of 
patterns, some decidedly martensitic. Troostite, and apparently sorbite, 
similarly result from the breaking down of the austenite as the tempera- 
ture still further falls. On account of the very considerable difference in 
magnetic effects obtainable by cooling through, or heating in, different 
temperature ranges, it may be that the carbides separating in cooling at 
about 550® C., for instance, may not have the same composition as those 



Fig, 5. — Cooling Curve No. 3. 

Seventy Minutes from the End of Freezing at Point in Axis 30 in. from Top of 
5,500-lb. Manganese Ingot. Mn, 9.60; C, 1.01; Si, 0.084. TJsuaUy the eutectic in 
this alloy occupies less than 1 per cent, of the area. 

separating in martensitic form at 825® C., or those separating as cementite 
plates at about 1,250® C. In the reheated steel during slow cooling, 
between 1,300® and 1,200® C., cementite separates out of the austenite as 
plates and needles radiating from a central nodule. 

The retardations in heating and cooling are shown in Cooling Curves 
1 to 5, inclusive, and Heating Curves 1 to 4, inclusive. Figs. 1 to 7, 
and in the heating and cooling curves of Crucible Melts Nos. 6, 7, and 
12, Figs. 8 to 10. Unless otherwise stated, the specimens examined 
have the following composition: Manganese, 11.00 to 11.50 per cent.; 
carbon, 1.10 to 1.15 per cent.; silicon, 0.05 to 0.10 per cent. 
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Fig. 7. — Cooling Cttevb No. 5. Casting. 


Specimen of Cast Ingot Metal. Mn, II. 30; C* l.ll. Rate of cooling 300® C per hour. This curve was 
made with ^ladin apparatus on specimens taken from a rail mill size ingot, and shows the retardation 
due to freezing of eutectic, and the retardation corresponding to the breaking down of austenite. 




IZOO* 



First Cooling Curve. Fig, 8. — Cettcible Melt No, 6. First Heating Curve. 

These curves were taken with Saladin apparatus and show retardation corresponding to melting and 
freeaingof eutectic at about 1.100® C., re-formation and breaking down of austenite at ’about 860® to 
825® C also the beating curve sr ows reiardatjon corresponding to the break-up of austenite by rever- 
s.on at about 500® C. rpeca men was water cuenched after cooling from the heat of casting to about 
950® C. Beginning at about 1,150® C., retarcation indicates the beginning of melting of the mass. 
Analysis o fspeciznen was: Manganese. 13.15; Carbon, 1.91; ^oon, 0,82 per cent. 











Cooling Curve. Heating Curve. 

Fig. 9. — CBtrcisLE Melt No. 7, 


This specimen has analysis: Manganese, 12 54; Carbon, 1.56; Silicon, 0.46 per cent., and shows by 
Saladin apparatus the melting and freezing of eutectic. 



No. 1 Cooling Curve. No. 1 Heating Curve. 

Fig. 10, — Crttciblb Melt No. 12. 

Analysis: Mn, 25.35; C, 1.66; Si, 0.75, 


In this very rich analvsis there is more pronounced retardation between 900® and 1,000® C. than 
that seen between 800® and 900® C. Curves also show retardations corre^onding to melting and freez- 
ing of eutectic, and in the heating curve there occurs the same retardation seen in heating curve of 
Crucible Melt No. 6, which is probably the break-up of austenite by reversion. 
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Concisions from Heating and Cooling Curves . — The results of these 
heatings and coolings show: 

1. That there is usually a well-defined retardation between 850° and 
870° C., on heating, with corresponding retardation at 850° to 825° 
C., on cooling. 

2. That a retardation at 1,100° to 1,140° C. on heating, is slight or 
well-defined, according to the composition of the alloy, and corresponds 
to a retardation on cooling at 1,125° to 1,060° C., which is equally depend- 
ent upon composition. 



3. That another retardation on heating at 1,200° to 1,210° C., which 
is also slight or well-defined according to the analysis, may correspond to 
slight retardations recorded during cooling, at 1,200° to 1,170° C. 

4. That the retardation doe to melting occurs at 1,350° to 1,375° C., 
and even lower with some alloys, while the retardations due to freezing 
occur at 1,370° to 1,320° C., and 1,300° to 1,275° C., respectively. 

5. And, finally, that slight retardations on heating were recorded at 
the following temperatures, in degrees C.: 350 to 375; 450 to 470; 576; 
675 to 735 ; 976 to 1,025; and, on cooling, at the following temperatures, 
in degrees C.: 1,010 to 1,030; 925 to 950; 650 to 710; 525 to 560; 420 to 
460; 326 to 360. 
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Table I 

(See corresponding Fig. 11) 

Tensile Tests of Round Bars %-in. Diameter in Pulling Portion 

Analysis of Steel: Manganese, 13.00 per cent.; Carbon 1.02 per cent. 
All bars quenched from heat of rolling. 

Nos. 2 to 15 were also reheated for five minutes at the temperatures 
given, and then water quenched. 


Treat- 

ment 

No. 

Tempera- 
ture, Degrees 
Centigrade 

Elonga- 

tion, 

Per Cent. 

Breaking 
Strain, Lb. 
per Sq. In. 

Elastic 

Limit 

Remarks 

1 


53.3 

157,250 

60,630 

Crackle none or 
slight. 

2 

367 

45 3 

161,330 


Slight crackle. 

3 

394 

43 7 

153,720 


Slight crackle. 

4 

414 

21.2 

123,600 


No crackle. 

5 

460 

j 7 8 

118,000 


No crackle. 

6 

560 

1.83 

106,800 

63,800 

No crackle. 

7 

630 

1 2 3 

i 94,540 

70,850 

No crackle. 

8 

716 

3.9 

97,230 

70,420 

No crackle. 

9 1 

793 

9 8 

111,700 

68,000 

No crackle. 

10 

882 

36.6 

143,620 

53,700 

No crackle 

11 

932 

57.5 

141,040 

52,640 

Slight crackle. 

12 

985 

56 4 

142,450 

54,500 

Slight crackle. 

13 

1,029 

55 6 

131,690 

54,430 

Bad crackle. 

14 

1,076 

55.7 

128,590 

50,690 

Bad crackle. 

15 

1,130 

34,4 

124,780 

55,700 

Slight crackle. 


The Relation of Heat Treatment to Tensile Properties. 

The effect on tensile properties of treating manganese-steel alloys at 
different temperatures, and especially at temperatures where retarda- 
tions were recorded in heating and cooling, is shown in Tables I to IV, 
inclusive, with the corresponding curves of Figs. 11 to 14. 

Remarks on Tdble I and Fig. 11. — These test bars were reheated in lots 
of ten. The short time at the maximum temperature of reheating 
apparently did not give the steel quite time enough to come fully to equi- 
librium. In consequence, the relation of critical temperatures to effect 
of heat treatment is somewhat obscured. Also, the manganese percent- 
age was higher than that of the bars of Series 2, 3, and 4, which would tend 
to raise slightly the temperatures corresponding, for example, to the break- 
ing up of austenite, and to its re-formation, Therefore, the first great 
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drop in ultimate strength and elongation, instead of being found between 
350° and 375° C., comes between 394° and 414° C. The next break 
corresponds to the retardation at 450° C. with a loss of 13.4 per cent, in 
the elongation and 5,000 lb. further loss of ultimate strength. The next 
decided drop in values occurs after passing from 560° to 630° C., with low- 
est elongation at 560° C., and lowest ultimate strength of the series at 630° 
C., thus giving good confirmation of the reality of the critical point which 
was observed as but a slight retardation in the heating curves at between 

DECREES CENTimADE 



Bars heated quickly to the temperatures given, held there for one hour, and then 
quenched in water. 


650° and 535° C. The highest ultimate strength in the series for re-treated 
bars is at 882° C., the first heat treatment above the retardation noticed 
at 850° C. The percentage of elongation is greater in those specimens 
treated at temperatures higher than that which gave the greatest ultimate 
strength, but, in notingthe persistence ofhigh elongation up to lotNo. 14, at 
1,076° C., the delaying effect of short heating should be relnembered, and 
the “crackle” beginning at 1,029° C. should be given due weight, as great 
elongation in a generally cracking bar does not indicate a good condition. 
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Table II 

(See corresponding Fig. 12) 

Tensile Tests on %-in. Diameter Round Bars. Heated to Temperatures 
Given and Water Quenched. 


Treat- 

ment 

No. 

1 Heated 
60 Mm. 

1 At 

Elonga- 

tion 

Per Cent 

Breaking 
Strain, Lb 
per Sq Inch 

Remarks 

Micro 

No 

All X 540 

1 

260 

57 6 

166,500 

No crackle 

417 



1 53 0 

169,300 

No crackle 

1 

2 

315 

63 5 

176,000 

No crackle 

' 429 



55.0 

163,100 

No crackle 

I 

3 

343 

15 6 

128,000 

No crackle 

; 419 



21.7 

137,700 

No crackle 


4 

371 

1 3.6 

138,200 

No crackle, uneven values 

420 



! 1.6 

116,300 

No crackle 

1 

5 

399 

1 3.7 

144,100 

No crackle, uneven values. 

j 421 



1 0 

112,400 

No crackle 

1 

6 

426 

' 2.2 

143,500 

No crackle, uneven values. 

1 422 



0.7 

102,200 

No crackle 


7 

482 

} 0.8 

141,100 

No crackle; uneven values 

423 



0.6 

129,100 

No crackle; uneven values. 

1 

1 

8 

538 

1.7 

121,000 

No crackle, uneven values 

! 424 



1.2 

130,200 

No crackle. 


9 

593 

4.6 

112,600 

No crackle; nearly equal values. 

425 



2.9 

109,300 

No crackle; nearly equal values. 


10 

649 

2.0 

106,000 

No crackle, nearly equal values. 

427 



3.1 

116,800 

No crackle; nearly equal values. 


11 

704 

4.5 

111,700 

No crackle; nearly equal values. 

428 



3.5 

110,400 

No crackle; nearly equal values. 


12 

732 

6.1 

117,400 

No crackle; nearly equal values 

432 



7.5 

119,700 

No crackle; nearly equal values. 


13 

760 

11.7 

130,900 

No crackle, nearly equal values. 

461 



10 3 

123,400 

No crackle; nearly equal values. 


14 

788 

21.9 

141,000 

No crackle; nearly equal values. 

442 



21.7 

144,300 

No crackle; nearly equal values. 


15 

816 

23.5 

139,000 

No crackle; nearly equal values 

443 



26.7 

142,600 

No crackle; nearly equal values. 


16 

843 

57.4 

155,500 

No crackle; nearly equal values. 

444 



52.8 

154,300 

No crackle, nearly equal values. 


17 

871 

42.4 

162,900 

No crackle; nearly equal values. 

445 



42.5 

161,200 

No crackle; nearly equal values. 


18 

898 

65.0 

147,800 

No crackle. 

446 



63.8 

145,900 

No crackle. 


19 

926 

62.1 

! 143,200 

No crackle. 

447 



58,9 

139,400 

No crackle. 


20 

954 

56.0 

132,800 

No crackle. 

448 



60.3 

138,400 

No crackle 


21 

982 

56.5 

133,400 

Slight crackle. 

449 



53.2 

132,100 

Slight crackle. 


22 

1,038 

44.1 

123,700 

Bad crackle. 

450 



42.0 

121,200 

Bad crackle. 


23 

1,093 

35.9 

100,600 

Bad crackle. 

451 



50 8 

117,300 

Bad crackle. 


24 

1.149 

35.7 

93,200 

Slight crackle. 

452 



40 9 

99,200 

Slight crackle 


25 

1,204 

17.3 

80,600 

Slight crackle. 

453 



21.7 

79,200 

Slight crackle. 
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rreatment No. 1, 260® C. Micro. No. 417. — Uniform fine austenite of the usual 
steel when quenched from the heat of rolling, showing that, up to 
260 O., the condition obtained by rolling and quenching is not altered. Acid attack 
slow and even. 


Treatment No. 5, 399° G. Micro. No. 421.-— Austenite has disappeared and is 
replaced by a fine granular structure. A very fine network of lighter color beginning 
to form noticeably. Acid attack very rapid. 


Micrographs of Series 2 {see Table II). 
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Treatment No. 7, 482° C. Micro. No. 423. — White network most pronounced. 
Acid attack very rapid. 



Treatnient No. 9, 593° C. Micro. No. 425. — Wliite network now very fine. 
Specimen has an appearance suggestive of moss. Acid attack rapid. 
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Treatment No. 21, 982° C. .Micro. No. 449. — ^Acid attack more rapid than pre- 
ceding. Austenite breaking down at grain border, and etch deepest between grains. 



Treatment No. 25,; 1,204° G. Micro. No. 453.'*-“Note remarkably close adhesion 
ot grains, and gram outlines scarcely traceable, except by cutting of of austenite 
structure hnes, and slip planes after 60 min. etching in concentrated solution of nicric 
acid in alcohol ^ 
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Lots 11, 12, and 13, heated at 882® and up to 985° C., show much the 
best results. 

Remarks on Table II and Fig. 12. — Note the sharp drop from 315° C. 
through 343° C. to 371° C. The lowest percentage of elongation appears 
after passing the retardation range at 450° to- 475° C., with a high but 
irregular tensile strength from 343° to 482° C., while above 576° C., the 
ultimate strength, although lower, is much more uniform. Values rise 
after passing 704° C. and the best tests are from 843° to 982° C., the 
greatest strength being at 871° C., and the greatest elongation in the 
re-treated bar at 898° C. As the temperature rises above 898° C., the 
values fall in a fairly regular way, as might be expected, with rapidly 
increasing grain size and diminishing density. 

In this series (Series No. 2), there are three temperature regions where 
the metal is uniform austenite ; 

First, when, after water quenching from heat of rolling, the bar is not 
reheated to a temperature much above 300° C. 

Second, when the bar has been reheated to between 850° and about 
950° C. 

Third, when the bar has been reheated to a temperature between 
1,125° and 1,225° C. 

In the first two regions, physical tests show the steel to be at its best 
for strength and ductility. 

Between regions one and two, the metal is weak and brittle. 

Between regions two and three, the specimen, when bent or stretched, 
cracks generally between the grains, showing a very low grain adh esion, 
and in a manner suggesting that, at this time, some brittle substance must 
have separated from the grain and lodged at the grain surface. In fact, 
a close micro-examination often shows a fine white line between grains of 
steel heated between ranges two and three, while acid attack is always 
deeper at the grain outline than it is in either range two or three. 

Temperatures included in region three cover substantially the range 
which has been found useful for the heating of ingots for rolling. 

Temperature Range of Martensite Formcction. 

A diversion at this poLut may indicate the character of structure lying 
in the range between austenite ranges No. 1 and No. 2; that is, in the 
range of low-temperature heat treatments where austenite has been lost 
and not restored and where the steel is hardest and has but little 
ductility. 

For this purpose six specimens of series No. 1 are compared with 
a specimen of the same steel heated to 1,325° C. and cooled slowly 
to ordinary temperature. The results are shown in the following 
micrographs: 
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Micro. No. 8, 470 diam., reheated 5 min. at 427® G. Uneqiial acid attack. 
Austenite disappearing. Network of carbides appearing. (Treatment between 
4 and 5, Series No. 1.) 
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Micro. No. 34, 470 diara., 560° C., 5 min. etch. Austenite gone. Faint white 
network of carbides surrounding new grains having structure with fine white lines 
branching and intersecting at various angles. There is certainly room for the thought 
that this structure is martensite occurring in its proper position; that is, below the 
temperatures that produce austenite. 


Micro. No. 36, 470 diam., 716° C., 15 min. etch. New structure forming within 
grains with large portion of surface still consisting of fine intersecting lines. 
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^ Micro. No. 37, 470 diam., 14 min. etch. Temperature 793® C. Resolution within 
grains almost complete; white network still showing at grain borders. High magnifi- 
cation shows new grain structure to be austenite. 



Micro. No. 42, 470 diam., 31 rnin. etch. Temperature 895® C. 
austenite with no remnant of white constituent at grain outline. 


Restored uniform 
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Micro, No. 14, 950 diam. Slow cooled from 1,325° C. Carbide separation on 
grain border. Note form of white patches arid grain structure resembling martensite. 
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Effed of Slow Cooling on Tensile Properties 
The effect of slow cooling on manganese steel having 11 to 11.50 per 
cent, manganese and 1.10 to 1.15 per cent, carbon is shown in Tables III 
and IV and corresponding Figs. 13 and 14. 


Table III 

(See corresponding Fig. 13.) 

Tensile Tests on \-in. Diameter Round Bars, All Heated to 1,149° C. and 
Cooled ai Rate of 55° C. per Hour. Specimens Drawn and 
Water Quenched at Temperatures as Given 


Treat- 

ment 

No. 

Drawn 
from Fur- 
nace at 

Elongar 

tion, 

Per Cent. 

Breaking 
Strain, lb. 
per sq. in. 

Eemarks 

Micro. No. 

1 

1,149®C. 

25.6 

83,380 

No crackle. 


2 

1,093 

21.0 

84,890 

Bad crackle. 



3 

1,038 

29.4 

85,260 

Bad crackle. 



4 

982 

29.8 

82,790 

Slight crackle. 



3 

926 

27.1 

81,210 

Slight crackle. 


6 

871 

25.4 

79,510 

Slight crackle. 



7 

816 

26.7 

80,720 

Slight crackle. 



8 

760 

24.6 

71,600 

Slight crackle. 



9 

704 

26.5 

82,090 

Slight crackle. 


10 

649 

25.1 

81,346 

Slight crackle. 


11 

693 

1.0 

34,380 

No crackle. 

431-640 diam. 

12 

537 

0.2 

33,620 

No crackle. 

434^150 diam. 






430-640 diam. 


Remarks on Table III and Fig, 13. — ^Bars 1 to 10, inclusive, broke in 
part through the grains, showing fairly good grain adhesion. Bars 11 
and 12 showed no breakages of grains, the fractures being entirely between 
the grains; while micro-examination showed in bars 1 to 10 no separations 
between grains; and in No. 11 a slight separation of carbide, and in No. 
12 a broad silvery band of separated carbides between grains with a break- 
ing down of the metal at the edge of the grains. 

Remarks on Table IV and Fig. 14. — Note that, during slow cooling 
from 926° to 843° C., there is no considerable change in physical proper- 
ties, while a sharp break occurs between 843° and 816° C., corresponding 
to the location of the retardation point at about 825° C. in cooling. 
Also note that the lowest ultimate strength is found after passing from 
538° to 510° C., corresponding to the slight retardation frequently noted 
at about 525° C. in cooling, and that the lowest percentage of elongation 
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appears after passing from 427“ to 399“ C., while a slight retardation is 
often found at about 425° C. Also, the ultimate strength is within 500 
lb. of the minimum for the series after passing 425° C. 



I'* 


Conclusions as to the Metallography oj Manganese Steel 

I present the following as fairly well proved points for further obser- 
vation: In steel containing 10 to 20 per cent, manganese, 1 to 2 per cent, 
carbon, during cooling, gamma iron begins to freeze at about 1,370“ 
and is for the most part frozen at about 1,270“ C,; the eutectic freezes 
at 1,125“ to 1,080“ C., or perhaps a little higher temperature with low 
carbon and manganese mixtures; the mechanical break-up of austenite 
begins at 850“ to 825“ C.; carbides separate between the grains at 710“ to 
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Micro. No. 431, Bar No. 11, 540 diara. Slight separation. 



Micro. No. 430, Bar No. 12, 540 diam. Large carbide separation. Note twinning 


MANGANESE STEEL 


461 



Micro. No. 434, Bar No. 12, 150 diam. Large carbide separation. 
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650® C.; the magnetism increases at 550° to 525° C., with further carbide 
separation between the grains, and there is a further mechanical separa- 
tion at 430° to 420° C. 

In heating, if the steel is originally austenitic, there is a preliminary 
break-up at 350° C.; a further break-up at 450° to 470° C.; and a com- 
plete break-up at 575° C., with separation of magnetic carbides of iron or 
manganese at 475° and 575° C. 


Table IV 

(See corresponding Fig. 14) 


Tensile Tests on f-in. Round Bars, all Heated to 926° C. Cooled at the Rate 
of 55° C. per Hour, and Drawn and Quenched at Temperatures Given 


Treat- 

ment 

No. 

Time in 
Furnace 

Quenching 

Tempera- 

ture 

Elonga- 

tion, 

Per Cent. 

Breaking 
Strain, Lb. 
per Sq. In. 

Remarks 

1 

1 hr. 

926 

51.6 

163,800 

No crackle. 

2 

1 hr. 30 min. 

898 

66.7 

156,700 

No crackle. 

3 

2 hr. 

871 

61.2 

163,950 

No crackle. 

4 

2 hr. 30 min. 

843 

64 2 

163,200 

No crackle. 

5 

3 hr. 

816 

44.8 

137,200 

No crackle. 

6 

3 hr. 30 min. 

788 

31.0 

120,450 

No crackle. 

7 

4 hr. 

760 

15.1 

93,370 

No crackle. 

8 

4 hr. 30 min. 

732 

15.7 

88,760 

No crackle. 

9 I 

5 hr. 

704 

10 5 

84,120 

No crackle. 

10 

5 hr. 30 min. 

676 

7 8 

78,060 

No crackle. 

11 

6 hr. 

649 

4.6 

73,950 

No crackle. 

12 

6 hr. 30 min. 

621 

4.5 

76,940 

No crackle. 

13 

7 hr. 

593 

4.5 

78,040 

l4o crackle. 

14 

7 hr. 30 min. 

566 

3.1 

71,220 

No crackle. 

15 

8 hr. 

538 

2 7 

71,625 

No crackle. 

16 i 

S hr. 30 min. 

510 

1.5 

68,070 

No crackle. 

17 1 

9 hr. 

482 

1 4 

74,440 

No crackle. 

18 I 

9 hr. 30 mitt. 

455 

1 5 

80,500 

No crackle. 

19 

10 hr. 

427 

1.2 

75,290 

No crackle. 

20 1 

10 hr. 30 min. 

399 

0 6 

69,570 

No crackle. 

21 

11 hr. 

371 

0 8 

72,500 

No crackle. 


In rolled steel: Separated carbides begin to be redissolved at about 
725° C., and this is completed at 850° to 870° C., with re-formation of 
austenite. 

Slight re-separation of carbides occurs along the grain outlines as the 
melting point of the eutectic is approached, beginning at about 1,025° C., 
and continuing to 1,100° C., or over. This is most noticeable in ingot 
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metal, and taken together with the fact that the outlines of the original 
freezing structures persist in the cast steel at temperatures below 1,125° 
C. or thereabout, the remarkable tenderness of ingots between 1,025° 
and 1,125° C. is made clear. 

In cast ingot metal: The melting of the eutectic occurs at 1,120° to 
1,140° C. if heating is slow, and at about 1,100° to 1,130° C. if heating 
up to this point is rapid; complete resolution of constituents and re-grain- 
ing with first formation of uniform austenite takes place above 1,150° 
C.; cementite re-separates extensively above 1, 250° C.; the mass melts at 
1,350° to 1,375° C., or lower, depending on its composition. 


Structures in Cast Manganese Steel - 



Micro. No. 466 — 90 diam. Shows a general view of structures in the interior 
portion of an ingot about 20 by 20 in. section. Cementite separations within gamma 
grains. Cementite and lamellar eutectics between gamma grains. ' 
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Micro. No. 457 — 540 diam. Same ingot. Another view of the inter-grain con- 
ditions. Eutectic and troostite with ground mass of gamma iron. 



Specimen B. Micro. No. 488. Shows view 150 diameters of same ingot metal 
after slowly heating to 1,075® C., then holding for one hour at 1,075° C., then water 
quenching. 

VOL. L.— 30 
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Micro. No. 487 — 540 diam. Same specimea as No. 488. Inter-grain conditions 
showing residuals of unabsorbed eutectic. 


i Micro. N 0 . 515 540 diam. Same ingot as A and B, but reheated to 

1,175 O., and held at 1,175'* C. for one hour, then water quenched. XJniforin austen- 
ite with close gram adhesion of re-formed grains. 
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Specimen D. Micro. No. 462—90 diam. Specimen of same ingot as A, B, and C, 
heated rapidly to 1,260'’ C., and held for one hour at 1,250=’ C. Showing eutectic not 
absorbed. 



Micro. No. 464—540 diam. Ground mass, gamma iron, with uiiabsorbed amor^ 
phous carbides and eutectic. ^ 

Absorption, that is, resolution, proceeds more slowly at 1,250® than at 1,175® C. 
f or„the reason that, at 1,250® C. and abore, the cementite is separating. 
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No. 7 Crucible melt. Manganese, 12.54; Carbon, 1.56 per cent. Eutectic per- 
centage higher than in Micro. No. 466. Micro. 485. — Cementife and eutectic of same 
appearance as noted in manganese-steel ingots of ordinary carbon proportion — a tough, 
ductile metal. 



No. 8 Crucible melt. Manganese, 14.15; Carbon, 1.51; Silicon, 1.05 per cent. 
Micro. No. 566 — 540 diam. ‘\^Tiite and lamellar eutectic with ground mass of gamma 
iron and no martensite in gamma iron, because the specimen was quenched after cool- 
ing from freezing, to 1,050° C, — that is, just below the eutectic freezing range. 
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melt No. 9. Manganese, 30.‘58; Carbon, 2.05 per cent. Micro. No* 509 
— 540 dxam. Coarse partly formed eutectic. Small portions of eutectic not frozen 
wnen specimen was water quenched. 

t drawn from furnace after cooling from melting heat to about 

yOO^ C. and water quenched. At 1,100° G., metal was soft and broke in handling, 
showing that freezing was not complete, thus demonstrating that eutectic freezes 
withm retardation range of 1,125° to 1,080° C. 
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Crucible melt No. 10. Manganese, 26.28; Carbon, 2.38 per cent. 

Micro. No. 513 — 150 diam. Showing ground mass (unknown structure) with large 
cementite eutectic separation and only small area of a structure not typical lamellar 
eutectic, lying between ground mass and cementite. A weak, crumbling metal 
decidedly not steel. ’ 



Micro. No. 514-— 540 diam. Showing ground mass doubtful, with large areas of 

^ differiag from lameUar eutectic seen typical 
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Discussion 

Albert Sauveur, Cambridge, Mass. — While I do not think that Mr. 
Potter’s conclusions in regard to the existence of several critical points in 
heating and cooling manganese steel are fully supported by the appear- 
ance of the curves exhibited, the results of his heat treatment and phys- 
ical testing are most important and instructive. It seems to me that Mr. 
Potter has shown in a conclusive manner the breaking up of austenite on 
heating manganese steel, and that he has located accurately the limits 
of the range in which such breaking up takes place. I see in his results 
a confirmation of a view I have held for many years: namely, that the 
reheating of quenched manganese steel is, in reality, a tempering opera- 
tion, even if it implies an increase rather than a decrease of hardness. 
Undoubtedly it represents a return to a more stable condition — the essen- 
tial feature of the tempering operation. 

Quenched manganese steel is austenitic; that is, its condition is that 
of a solid solution in which the iron is in the gamma form. This is 
proven by (1) its structure, (2) the absence of magnetism, (3) the absence 
of critical point during the cooling of such steel, (4) its moderate hard- 
ness, high tensile strength, high ductility, and relatively low elastic 
limit. On reheating the metal to about 500° C., the austenite begins to 
break up through the formation of some beta iron, as evidenced by 
increased hardness and greatly decreased ductility. At some 600° C. 
some alpha iron also forms, since the metal becomes magnetic. The 
behavior of manganese steel when subjected to heat treatment appears 
to me to fall in line, in a remarkable manner, with the allotropic theory 
of the hardening of steel as first outlined by Osmond. The fact that, 
on tempering austenitic manganese steel, its hardness increases affords, 
in my opinion, a very strong evidence of the existence of a hard variety 
of iron between the soft alpha variety and the moderately hard gamma 
variety; in other words, of beta iron. 

Sir Egbert Hadeield, London, England (commimication to the 
Secretary.*) — I have read with much interest Mr. Potter’s paper on 
Manganese Steel, and compliment him upon his excellent photomicro- 
graphs. 

In view of his opening remarks, in which, no doubt unintentionally, 
he states that manganese steel has only been known and introduced for 
about a decade, it seems to me he hardly does justice to the many willing 
helpers who have worked long before the decade of which he speaks, on 
manganese steel, which I discovered now about 30 years ago. When, 
therefore, he speaks as if this material, with its many wonderful qualities, 
has only been in use for the short space of 10 years, he evidently does so 


•Eeceived Mar. 27, 1914. 




472 


MANGANESE STEEL 


without being aware of the real facts. Manganese steel, both in its cast 
and forged forms, has been commercially used for more than 20 years. 
Therefore the statement referred to hardly seems to do justice to those 
in England and America who have been working so patiently and for so 
long a period and trying to master the intricacies of this interesting met- 
allurgical product. 

As a matter of interest to those of our younger members who are com- 
ing to the front in metallurgy, it may be interesting to make a brief 
mention of those to whom credit has been due. 

The first in this country to take an interest in manganese steel was 
the late Joseph D. Weeks, of Pittsburgh, a very able writer and well 
acquainted with much of the practical side of metallurgy. He read the 
first paper in this, or in fact in any country, on my material, before this 
Institute in 1884. He met my father and myself in Europe just at the 
time the development of this steel was being made, and was so much 
interested that he asked if he might say something about it in America; 
hence the paper in question. 

Not long after, Prof. H. M. Howe came over to Europe, and was so 
much struck that he also asked if he could speak of the research work we 
were then carrying on. As is well known, he gave a considerable and 
lengthy account of manganese steel in his great work, The Metallurgy of 
Steel. 

Then came my friends the late W. J. Taylor and Maunsel White, 
also H. D. Hibbard, each of whom did much valuable work on manganese 
steel now some 23 years agp. Professor Howe read several papers 
regarding my discoveries, including those before the American Society of 
Mechanical Engineers in 1891, and the Franklin Institute in 1892. As 
I have just said, he also devoted considerable space to describing and 
commenting upon the material in his weU-known Metallurgy of Steel, 
published 25 years ago. Since then, younger members of the Taylor Co. , 
including Knox Taylor and others, have also worked indefatigably at 
the problem of developing and improving manganese steel during the 
last 15 years. 

Among others in this country who did pioneer work with regard to 
the material are C. W. Hubbard, Pittsburgh; the late respected William 
Metcalf, of the Crescent Steel Works, Pittsburgh; also his firm. Miller, 
Metcalf <fe Parkin, all of whom took a practical interest in the subject; 
P. H. Dudley; Mr. Harrington, mechanical engineer of the Pittsburgh, 
Cinciimati & St. Louis Railway; S. T Wellman, of the Otis Steel & 
Iron Co., who made some of the earliest mechanical tests; E. G. Spils- 
bury, one of the first to experiment with manganese-steel wire; T. T. 
Morrell, chief chemist of the Cambria Iron Works; J. P, Shinn, also his 
brother; the Lehigh & Wilkes-Barre Coal Co.; and many other individ- 
uals and corporations. 
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It may be of interest to also add that among those who took an inter- 
est in developing manganese steel on the continent of Europe were: 
in France, M. Saladin, of Messrs. Schneider; Chatillon & Commentry 
Co.; Messrs. Gautier, Osmond, Pourcel, Dumas, H. and A. le Chatelier, 
and many others. In Germany, Messrs. Krupp and their Directors, Dr. 
Schmidt and Dr. Ehrensberger; Professor Ledebur, Dr. Muller, and 
others. 

I have only mentioned a few of those who have been interested in 
doing research and practical work on manganese steel. There are, 
of course, many others, and I have expressly avoided referring to those 
concerned in this matter in Great Britain, in this reference to what has 
now become a world industry. 

As a landmark and date for reference, it may be mentioned that the 
first manganese steel I ever produced, as duly registered in my experi- 
mental records, was in March, 1882. 

The work done and the interest taken by those mentioned — all men 
of well-known metallurgical reputation — took place not a decade ago, 
but in most cases from 15 to 20, or even 25 years ago. It is only fair that 
their work should not be forgotten. While we are glad to have new 
investigators in the field of research, those who have done good work in 
the past — alas, a number of them not now with us — should not be 
overlooked. 

With reference to the remarks about grain adhesion, — we would pre- 
fer to use the term “grain cohesion” — our experience, going back over 
experimental and practical commercial work for 25 years, has been some- 
what in the opposite direction to that of the author, and we believe that 
the well-defined etching crystalline structure is evidence of good-quality 
steel. 

As regards “ crackling,” this we have often noticed in test bars, and 
we consider it to be due to the cracking of the decarbonized surface skin. 
It will be noticed this chiefly occurs in bars heated to the higher 
temperatures, which supports our theory. 

The author refers to three temperature regions where the metal is 
uniformly austenitic. We consider that above a certain temperature, 
probably about 1,000® C., uniform austenitic structure exists. In other 
words, above 1,000® C. the cementite is all dissolved, resulting in a single 
uniform constituent of austenitic structure. 

As regards the remarks on p. 453, the author states that in region 
three the temperatures of 1,125® and 1,225® C. have been found useful for 
the heating of ingots for roUir^. A research was made regarding the 
temperatures used for rolling ordinary carbon-steel rails, and it was foimd 
that the regular practice ran in some cases to as high as 1,170° C. or 
more. 

Some'of the photographs shown by the author appear to be covered 
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with parallel lines. It is probable that these parallel markings are Neu- 
mann lines (slip bands), and are due to the fact that manganese-steel 
sections are somewhat difficult to prepare. In fact, owing to their tough- 
ness, if they are knocked or hammered off a larger piece, this disturbs 



Fig. 15. — Nearly Pure Austemite of C^uenched Manganese Steel. X 50. 



Fig. 16.— Austenite Chained by Hammer Blows. Shows Neumann Lines in the 
Crystals (Slip bands). X 150. 

the cleavage planes of the austenitic crystals. We have produced such 
a result, as shown by the accompanying photomicrographs. Fig. 15 
represents pure austenitic structure, and Fig. 16 is taken from a part 
of the same section after having been knocked and hammered off. 
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The latter shows the parallel lines due to the mechanical disturbance of 
the austenitic cleavage planes caused by hammering. They appear 
more numerous in this photograph than those shown by the author 
because the magnification is less, but on the other hand a larger field is 
shown, and it is interesting to note that some of the crystals have stood 
the treatment quite unmarked. 

As regards the effect of heat treatment, it may be of interest to give 
the result • obtained from one of my earliest specimens of manganese 
steel. 

These tests were made in 1887, and are of interest as showing the 
effect of heat treatment, namely, (A) as forged; (B) afterward heated to 
a high yellow and cooled in air; (C) cooled in oil; (D) cooled in water. 
It will be noticed the elongation varied exactly in accordance with 
the relative conductivity of the medium in which the specimen was 
cooled. 

It is also of interest to note that this was the first bar of steel ever 
produced in the world^s history which gave the exceedingly high tenacity 
of 67.13 tons per square inch accompanied with 44.44 per cent, elonga- 
tion, and yet the specimen still remained unbroken. These tests were 
carried out by the British Admiralty Inspector, in the year 1887, details 
being given in the following table: 


Tests on Hadfield^s Manganese Steel 


Composition: C, 1.26; Si, 
cent. 

0.28; S, 0.05; P, 0.11; Mn, 14.01 per 

Mark 

Treatment 

Breaking Load 
Tons per 
Square Inch 

Elonga- 
tion on 8 
in., Per 
Cent 

Appearance of 
Fracture 

A 

Forged into test bar and no 
further treatment 

36.43 

1.56 

Fine grain 

B 

Heated to high yellow and 
cooled in air 

47.90 

14.06 

Granular; fine grain 

0 

Heated to high yellow and 
cooled in oil 

55.04 

26.56 

Fibrous 

D 

Heated to high yellow and 
cooled in water 

67.13 

44.44 

Fibrous® 


® The Admiralty Inspector who carried out tests on this bar remarked: Not- 
withstanding 44.44 per cent, elongation, and a tensile load of 67 tons, this bar is still 
unbroken.*^ It is probable that the dSnal elongation would have been 51 to 52 per cent., 
with a breaking strength of a little over 70 tons per square inch. 

The author of the paper states that the maximum results are obtained 
at 840° C., but we have often obtained both superior tenacity and equal 
if not superior elongation at temperatures in some cases as high as 940° 
C.,;;or over 100° C. higher than those mentioned by the author. 
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Research with Regard to the Kon-Magnetic and Magnetic Conditions 

of Manganese Steel 

BY PROF. B. HOPKINSON, F. R. S., AND SIR ROBERT HADFIELD*, F. R. S., LONDON, 

ENGLAND 

CNew York Meeting, February, 1914) 

Introduction . — A short time ago Professor Stoughton asked the writer 
if he would present a paper for the February meeting of our Institute. 
In reply to this suggestion, some notes have been prepared relating to 
the subject mentioned in the title. It is to be hoped they may be of 
interest to our members. 

The research now described is the joint work of Prof. B. Hopkinson, 
F. R. S., and the writer. Those interested in the subject will find further 
data in a paper entitled The Magnetic and Mechanical Properties of 
Manganese Steel, which is to be read at this year’s May Meeting 
of the Iron and Steel Institute in London. This paper was submitted to 
the Institute in October last, and advance copies will shortly be available. 

The present paper has been drawn up by the writer on this side the 
water, and he has not had time to communicate with Professor Hopkinson 
with regard to the statements or opinions expressed herein. While the 
writer believes that Professor Hopkinson would in the main agree with 
the statements herein set forth, it should be understood that apart from 
the actual work described he is not otherwise responsible. 

The experiments described have been carried out on the material 
known as manganese steel, which one of the writers of these notes dis- 
covered in 1883. A paper by him describing this material was read before 
this Institute in 1893, entitled Iron Alloys, with Special Reference to 
Manganese Steel. It is not necessary to describe manganese steel nowa- 
days; its qualities are so well known, and its use throughout the world is 
on a very extensive scale. 

The Early Use of Manganese Steel . — The writer always looks back and 
with pleasure thinks of the many willing helpers in this country, who by 
their encouragement and advice greatly assisted him in testing and intro- 
ducing manganese steel. As was inevitable with a new material, many 
practical difficulties had at first to be overcome. Without the help now 
referred to, and which was so willingly rendered, it would not have been 
possible to make the great strides which ha\ e been accomplished in such a 
comparatively short space of time. Manganese steel, outside^ carbon 
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steel, which has been used for centuries, was practically the first alloy of 
iron with another element to be produced on a large scale. It will be 
admitted that since then the work done in this field of alloys of iron with 
other elements has been of incalculable benefit to the world generally. 

The Properties of Manganese Steel . — Probably no other material 
presents so many curious properties for examination and research as 
manganese steel. It is hard, and yet it is extremely tough when properly 
treated; it is naturally non-magnetic, and yet it can be made magnetic; 
its electrical resistance is very high; its permeability is exceedingly low; 
in the ordinary way it cannot be machined, yet by proper heat treatment, 
this difficulty can to a large extent be overcome; in fact many of the speci- 
mens referred to in this paper are quite readily machined. Yet the same 
product in its non-magnetic condition can only be machined with diffi- 
culty. Its hardness is most peculiar, because while having only about 200 
Brinell ball hardness in its toughened condition, yet it is then almost as 
difficult to machine as chilled iron. It is very fluid, more like cast iron, 
yet sets rapidly. Its melting point is comparatively low as compared 
with mild or medium carbon steel. Although so hard when cold, it can 
be readily forged, rolled, pressed, or otherwise manipulated while hot. 

The Hardness of Manganese Steel . — As regards the hardness of man- 
ganese steel, the following experiments may be referred to. 

In 1904, one of the writer’s licensees rolled a manganese-steel rail. This 
rail was experimented upon as follows. After 20 min. drilling, 11 g. of 
manganese steel were removed, while in the same space of time 750 g. 
were removed from an ordinary carbon-steel rail. A piece of the same 
manganese-steel rail bent double cold. Its tenacity was 60 tons per 
square inch, with an elongation of 40 per cent. This is shown in Fig. 1 of 
the paper on Manganese-Steel Kails, presented at this meeting, and is 
interesting not only because of the date at which the rail was produced, 
nearly ten years ago, but because it brings out the point to which the 
writer wishes to call attention: namely, that notwithstanding the appar- 
ently extreme hardness of manganese steel to drilling and other similar 
tests, its ball hardness is only about 200. In other words, its hardness 
may be described as tough hardness,^' in contradistinction to the brittle 
hardness of hardened carbon steel with ball hardness numbers of 600 to 
800. 

Manganese-steel axles and tires were forged and rolled under the 
writer’s direction in 1893. Notwithstanding their extreme toughness 
under the drop tup tests, they possessed the same peculiar toughness 
hardness’^ to the drill, though the ball hardness was still about the same 
as that mentioned above for the rail: namely, from about 190 to about 
210. The mechanical tests carried out on the foregoing are fully referred 
to in the writer’s paper to this Institute in 1893, previously mentioned. 

Making Manganese Steel Magnetic . — ^In the same paper and the same 
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date — that is, 1893 — the writer pointed out the fact that manganese 
steel submitted to long heat treatment in an annealing furnace, on cooling 
down was found to be magnetic. It should be added that it has now been 
found that this appearance of magnetic quality in non-magnetic manga- 
nese steel was not due to the fact that it had been heated to the tempera- 
ture prevailing in the annealing furnace, namely about 800° C., but that 
upon cooling down the specimen had passed through the critical range 
of about 500° to 550° C., which produced magnetic qualities. This treat- 
ment is referred to more fully on p. 488 of this paper. 



I’m. 1. — Htsteeesis Otjevbs. 


This was further shown in the writer’s paper on The Results of Heat 
Treatment on Manganese Steel and Their Bearing upon Carbon Steel, 
read before the Iron and Steel Institute in 1894. A specimen of man- 
ganese steel, marked “C,” heated and cooled in a cementation furnace, 
became considerably magnetic. Dr. Hicks, P.R.S., of the University, 
Sheffield, was good enough to make for the writer hysteresis curves of this 
cemented specimen, shown by the full lines in Pig. 1. 

A specimen of the same manganese steel, marked "D,” heated and 
cooled in a cementation furnace, then water quenched, while magnetic, 
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was much less so than specimen This specimen possessed the 

hysteresis qualities shown by the dotted curve in Fig. 1. 

Another specimen of the same material, marked '^F/’ submitted to 
cementation, was then forged and water quenched. This became 
practically non-magnetic like the original specimen In a field of 

325 C,G.S., the permeability was 1.08, that is about the same as manganese 
steel in its non-magnetic condition and not submitted to cementation. 

The above information is fully set forth in the following Table I. 


Table I. — The Effect of Cementation upon Manganese Steel 


Mark 
on Bar 

Treatment 

Magnetic Qualities 

Remarks 

A 

As rolled 

Not attracted by the 
most powerful magnet 

In afield of 320 C.G.C. 
the permeability 
= 1 061 

B 

Similar to ''A,” but 
water quenched at about 
1,100° C. 

Same as “A.” 


C 

Cemented. No subse- 
quent heat treatment. 

Considerably magnetic 

See full^curve ‘*C'* 
in Fig. 1. 

D 

Same as but water 

Much less magnetic than 

See dotted curve 


quenched. 

“C.’' 

in Fig. 1. 

F 

Cemented, forged, and 

Practically non-magnetic 

In a field of 326 


then water quenched. 

and like specimen “A.^’ 

C.GS. the perme- 
ability »= 1 08. 


Note: Sample was a specimen of ordinary non-magnetic manganese steel 
(1.20 per cent. C,, 13 42 per cent, Mn.), and from it were prepared, with the subsequent 
treatment named, specimens B, C, D, and F. 

The electrical tests were carried out by Dr. Hicks, F. R. S., of the University, 
Sheffield. 

As stated at the commencement of the writer^s remarks, this paper is 
chiefly intended to present the facts with regard to the relation of the 
specific magnetism and the hardness of manganese steel on specimens 
submitted to different kinds of heat treatment. As already mentioned, 
the more comprehensive paper on this subject, which has been before the 
Iron and Steel Institute since October last, contains full description of 
the methods of determining the specific magnetism, taking the heating 
and cooling curves, photomicrographs of the specimens experimented 
upon, and other details, so that it is unnecessary to describe them here. 

Effect of Treatment on the Non-Magnetic and Magnetic Qualities of 
Manganese Steel. — ^As is well known, among some of the many curious 
features met with in alloys of iron with other elements, are their be- 
havior with regard to magnetic qualities. Manganese steel, while non- 
magnetic, can be made magnetic. Some of the iron and nickel alloys are 
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date — that is, 1893 — the writer pointed out the fact that manganese 
steel submitted to long heat treatment in an annealing furnace, on cooling 
down was found to be magnetic. It should be added that it has now been 
found that this appearance of magnetic quality in non-magnetic manga- 
nese steel was not due to the fact that it had been heated to the tempera- 
ture prevailing in the annealing furnace, namely about 800° C., but that 
upon cooling down the specimen had passed through the critical range 
of about 500° to 550° C., which produced magnetic qualities. This treat- 
ment is referred to more fully on p. 488 of this paper. 



This was further shown in the writer’s paper on The Eesults of Heat 
Treatment on Manganese Steel and Their Bearing upon Carbon Steel, 
read before the Iron and Steel Institute in 1894. A specimen of man- 
ganese steel, marked “C,” heated and cooled in a cementation furnace, 
became considerably magnetic. Dr. Hicks, F.R.S., of the University, 
Sheffield, was good enough to make for the writer hysteresis curves of this 
cemented specimen, shown by the full lines in Fig. 1. 

A specimen of the same manganese steel, marked “D,” heated and 
cooled in a cementation furnace, then water quenched, while magnetic, 
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was much less so than specimen This specimen possessed the 

hysteresis qualities shown by the dotted curve in Fig. 1. 

Another specimen of the same material, marked ^^F/’ submitted to 
cementation, was then forged and water quenched. This became 
practically non-magnetic like the original specimen In a field of 

325 C.G.S., the permeability was 1.08, that is about the same as manganese 
steel in its non-magnetic condition and not submitted to cementation. 

The above information is fully set forth in the following Table I. 


Table I. — The Effect of Cementation upon Manganese Steel 


Mark 
on Bar 

Treatment 

Magnetic Qualities 

Remarks 

A 

As rolled 

Not attracted by the 
most powerful magnet 

In afield of 320 C.G.C. 
the permeability 
= 1 061 

B 

Similar to *^A,” but 
water quenched at about 
1,100® C. 

Same as “A.** 


C 

Cemented. No subse- 
quent heat treatment 

Considerably magnetic. 

See fuil^curve “C^' 
in Fig. 1, 

D 

Same as but water 

quenched. 

Much less magnetic than 

See dotted curve “D’’ 



in Fig. 1. 

F 

Cemented, forged, and 

Practically non-magnetic 

In a field of 325 


then water quenched 

and like specimen ^^A.” 

C.G.S. the perme- 
ability = 1 08. 


Note: Sample A” was a specimen of ordinary non-magnetic manganese steel 
(1.20 per cent. C., 13.42 per cent. Mn.), and from it were prepared, with the subsequent 
treatment named, specimens B, C, D, and F. 

The electrical tests were carried out by Dr. Hicks, F. R. S., of the University, 
Sheffield. 

As stated at the commencement of the writer's remarks, this paper is 
chiefly intended to present the facts with regard to the relation of the 
specific magnetism and the hardness of manganese steel on specimens 
submitted to different kinds of heat treatment. As already mentioned, 
the more comprehensive paper on this subject, which has been before the 
Iron and Steel Institute since October last, contains full description of 
the methods of determining the specific magnetism, taking the heating 
and cooling curves, photomicrographs of the specimens experimented 
upon, and other details, so that it is unnecessary to describe them here. 

Effect of Treatment on the Non-Magnetic and Magnetic Qualities of 
Manganese Steel. — ^As is well known, among some of the many curious 
features met with in alloys of iron with other elements, are their be- 
havior with regard to magnetic qualities. Manganese steel, while non- 
magnetic, can be made magnetic. Some of the iron and nickel alloys are 
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also non-magnetic, but by certain treatment— for example, immersion 
in liquid air— can be made magnetic. While the present joint research 
by Professor Hopkinson and the writer relates to experiments which 
have been in progress for about three years with regard to the effect of 
heat treatment on manganese steel, it may be mentioned that the writer 
in 1894 read a paper before the Iron and Steel Institute, referred to on 
a previous page, in which it was pointed out that by certain heat 
treatment manganese steel could be made magnetic, also that this quality 
could be reversed at will; in fact, by means of some of the treatments 
now described, which produce magnetic qualities, the material can be 
made so that it can be tooled. A bar of manganese steel which is non- 
magnetic, either in its brittle or tough condition, can by heat treatment 
be made magnetic; in fact, its specific magnetism can be increased until 
it is about half that of Swedish charcoal iron, and no doubt by still longer 
heat treatment in the specimens now referred to, the specific magnetism 
can be increased until it is about 60 to 70 per cent, that of Swedish char- 
coal iron. It may also be of interest to add that the writer has been able 
to produce in the same bar, one portion absolutely non-magnetic with a 
mere trace of specific magnetism, and the other end, by heat treatment, 
so magnetic that the magnet would readily lift it. In the latter condi- 
tion, the specific magnetism is about 42 per cent, as compared with 
Swedish charcoal iron. 

The experiments referred to in the writer’s paper in 1894 aroused 
a good deal of interest at the time, many of the leading metallurgists 
taking part in the discussion which arose with regard to the facts noticed 
in the research in question. 

Experimenis on Alloys of Iron and Nickel . — Experiments have also 
been carried out upon alloys of iron and nickel, and these are also shown 
to possess reversible qualities, but by quite other treatment than that 
which effects the changes in manganese steel from non-magnetic to 
magnetic conditions. 

The Effect of Low Temperatures . — Increase of temperature renders 
manganese steel magnetic, but does not apparently affect non-magnetic 
iron and nickel alloys, or at any rate to the same extent. Low tempera- 
ture, that is, liquid air temperature, renders the iron and nickel alloys 
magnetic, but has not the slightest effect upon manganese steel even if 
the treatment is continued for as long as 18 hours. These are curious 
facts. 

Some confusion has arisen because the non-magnetic alloys of iron 
and nickel, containing about 22 per cent, of nickel, become magnetic by 
immersion in liquid air. By some unaccountable means, some scientists 
came therefore to the conclusion that non-magnetic manganese steel 
possessed similar qualities. This, however, is - incorrect. Manganese 
steel entirely differs from the iron and nickel alloys in the fact that it 
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cannot be rendered magnetic by immersion in a medium having even 
lower temperature than that of liquid air. In other words, it does not 
seem possible to render manganese steel magnetic by reducing tempera- 
tures to very low points in the thermometric scale. The only manner 
in which it can be made magnetic appears to be the heat treatment shown 
in the writer^s paper of 1894, previously referred to, and also by the treat- 
ments now described, which have been made during the last three or 
four years. 

The Results of the Research , — As the subject appears to be one of in- 
terest, Tables II and III, showing the various analyses, tests, and other 
information, are submitted for consideration. 

Various specimens of manganese steel of standard type, and from 
the same billet, were submitted to heat treatment at the temperatures 
set forth in Table II, which gives the duration of heat treatment in hours, 
the nature of the medium in which the cooling occurred, the specific 
magnetism, and the Brinell hardness number of each specimen before 
and after treatment. In order to afford some idea of the mechanical 
qualities of the material, there are also shown the results of the bending 
tests upon specimens f by | by 1| in. between the supports. The maxi- 
mum load given is the breaking load, and the angle of bend is given in 
degrees. The mechanical tests also show in a remarkably clear manner 
the difference in physical characteristics between the various speci- 
mens, varying from bent double cold, to bends so small as to be scarcely 
measurable. 

Table II shows the magnetic qualities and certain mechanical tests, 
including ball hardness numbers, of manganese steel in its non-magnetic 
and magnetic conditions. The results have been arranged in three 
groups: 

(A) Completely or practically non-magnetic (less than 1 per cent, 
magnetism). 

(B) Partly magnetic (1 to 12 per cent, magnetism). 

(C) Very magnetic (20 per cent, magnetism and over). 

In Table III the same figures have been arranged according to 
temperatures. 

It will be seen that while the specific magnetism of the specimens 
shown in groups (A) and (B), with the exception of those in group (B) 
which were heated to 600° C. and the one specimen heated fqr 48 hr. 
at 450° C., is very little, certain differences present themselves. The 
specimens in group (A) may be termed practically non-magnetic; in 
group (B) there is a tendency for the specific magnetism to increase; in 
group (C), representing treatment between the critical temperatures of 
from about 600° to 600° C., the specific magnetism is quite considerable, 
varying from 20 to 40 per cent, as compared with 100 for Swedish charcoal 
iron having a purity of 99.82 per cent. Fe, As before mentioned, with 
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Table II . — Magnetic and Mechanical Tests upon Manganese Steel in its 
Non-Magnetic and Magnetic Conditions 


Note 1; Analysis of the material: C Si S P Mn 

1 21 0.22 0 030 0 080 12.36 

Note 2: “SC I.“ refers to Swedish charcoal iron of about 99.82 per cent, purity Fe. 





Bending Test 




Test 

Piece 

No. 

Specific 

Magnet- 

Brinell 

Hard- 

^ by I by 1^ in. between 
Supports 

Tempera- 
ture in 
Degrees 

Specimen 

Cooled 

Duration 
of Heat 
Treatment, 
Hours 

ism, S.C I. 
«100 

ness 

Number 

effected Load i 

Maamumin 

Centi- 

grade 

Down in 


**A** Completely or Practically N on-^magnetic (Less than 1 per cent* Magnetism) 



0.3 

207 

1 

180 


Quenched 

No further 


1 

unbroken 


from yel- 

treatment 







low heat 








in water. 


5857 

0.3 

215 

10,750 

161 

/300 

Furnace .. 

168 






1 310 



5970 

0 3 

267 

10,900 

21 

750 

Air 

1 

5971 

0 3 

277 

12,180 

29 

760 

Water 

1 

5973 

0.3 

277 

12.890 

29 

fsso 

Furnace. .. 

15 






1750 

Water. . . . 

1 

5298 

0.2* 

337 

10,360 

8 

450 

Furnace.... 

6 

5972 j 

mere trace 

339 

10,920 

11 

/6S0 

Furnace .. 

15 






\ 760 

Air 

1 

5402 

0.2 

340 

12,900 

12 

400 

Furnace.... 

6 

5296 

0 2* 

408 

10,080 

2 

650 

Furnace.... 

3 

5303 

0 2* 

418 

9,747 

2 

650 

Furnace ... 

6 

5403 

0 6 

340 

11,680 

8 

400 

Furnace . . 

12 


“B” Partly Magnetic (1 to 12 per cent Magnetism) 


5873 

1.25 

217 

1 10,630 

124 

300 

Furnace.... 

552 

5856 

1.0 

317 

[ 14,400 

26 

/300 

Furnace.... 

384 






\400 

Furnace. .. 


5855 

1.0 

328 

^■12,^0 

17 

/ 300 

Furnace ... 

384 






\ 400 

Furnace ... 


5400 

1,0 

364 

Til, 400 

6 

400 

Furnace.. . 

24 

5389 

1.2 

361 

1 [10,770 

4 

450 

Furnace.... 

12 

5399 

2.0 

387 

i 9,700 

2 

400 

Furnace.... 

48 

5373 

2.2 

387 

f 9,250 

3 

450 

Furnace.... 

24 

5374 

7.0 

418 

r8,270 

2 

460 

Furnace.... 

48 

6749 

12 2* 

444 

^‘7,420 

1 

600 

Furnace.... 

3 


« 

'C” Very Magnetic (20 per cent. Magnetism and over) 



5661 

19.8* 

418 

8,476 

1 

i 600 

Furnace.... 

12 

5748 

20.0 

418 

8,478 

1 

660 

Furnace.... 

6 

5750 

20 4* 

351 

12,670 

11 

600 

Furnace..,. 

6 

5336 

. 24.4* 

375 

11,130 

5 

600 

Furnace.... 

24 

5658 

24.8* 

402 

11,801 

4 

j 550 

Furnace.... 

12 

5304 

25 8 

438 

10,140 

2 

650 

Furnace.... 

24 

6369 

28.8 

351 

9 970 

3 

600 

Furnace.,,, 

12 

5713 

29 8* 

430 

10,270 

2 

600 

Furnace ... 

72 

5327 

30.0* 

418 

11,270 

3 

600 

Furnace.... 

48 

5330 

31.4* 

495 

8,037 

1 

660 

Furnace.... 

48 

5338 

34 4 

444 

7,890 

1 

500 

Furnace. .. 

24 

5337 

40.2* 

438 

7,460 

1 

500 

Furnace.... 

48 

5364 

42 0* 

444 

8,200 

nil 

600 

Furnace ... 

600 


~~ ■ 

Eepeat tests were carried out on these specimens, similar results being obtained. 
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Table III . — Magnetic and Mechanical Tests upon Manganese Steel in 
its Non-Magnetic and Magnetic Conditions 


Arranged According to Temperature 


Temperature 

Duration of 

Specific 

Brinell 

in Degrees 

Heat Treatment, 

Magnetism 

Hardness 

Centigrade 

Hours 

S.C.L = 100 

Number 

“A’’ — Completely or Practically Non-Magnetic {less than 1 per cent Magnetism) 

300 

168 

0.3 

215 

400 

6 

0.2 

340 

400 

12 

0.6 

340 

450 

6 

0 2 

337 

j 

530 Furnace 

15 

0.3 

277 

1 

750 Water 

1 



j 

530 Furnace 

15 

trace 

339 

1 

760 Water 

1 



650 

3 

0 2 

408 

650 

6 

0.2 

418 

760 

1 

0.3 

277 

750 

1 

0.3 

277 


-Partly Magnetic (1 to 12 per cent Magnetism) 

300 

552 

1.25 

217 

300 

384 

1.0 

317 

300 

384 

1.0 

328 

400 

24 

1.0 

364 

400 

48 ~ 

2 0 

387 

450 

12 

1.2 

361 

450 

24 

2.2 

387 

450 

48 

7.0 

218 

600 

3 

12.2 

444 


Very Magnetic (20 per cent Magnetism and over) 

500 

6 

20.4 

351 

500 

12 

28 8 

351 

600 

24 

34.4 

444 

500 

48 

40.2 

438 

500 

600 

42.0 

AAA 

550 

6 

20.0 

468 

550 

12 

24.8 

400 

550 

24 

25.8 

438 

550 

48 

31.4 

495 

600 

12 

19 8 

418 

600 

24 

24 4 

375 

600 

48 

30.0 

418 

600 

72 

29.8 

430 
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sufficiently long heat treatment, there is no doubt this specific magnetism 
could be further and considerably increased. 

One interesting point which comes out very clearly is that with the 
increase in specific magnetism, specially in the more magnetic material, 
the Brinell ball hardness numbers rise very remarkably; in fact these 
are nearly double as compared with those representing the original 
hardness of manganese steel, which is about 200. 

In view of deductions which may be made from these experiments, 
it should be pointed out, and as shown by the tables, that it is quite 
possible to have manganese steel possessing a ball hardness number of 
even as high as 408, yet the material remains practically non-magnetic— 
namely, with only 0.20 per cent, of specific magnetism. ^ It would hardly 
seem as if any support can be claimed by the allotropist from this fact, 
because it is also possible to have magnetic manganese steel of about 
the same ball hardness, yet with 30 to 40 per cent, specific magnetism. 

In these specimens possessing high percentages of specific magnetism, 
the hardness in some cases reaches 495, but one of the specimens in group 
(C) shows a baU hardness number of 444, yet it possesses no less than 
42 per cent, of specific magnetism. It might be interesting to state that 
glass-scratching hardness requires a Brinell hardness number of about 
600 and upward. 

The Allotropic Theory. — There may be those who will claim that the 
high specific magnetism noticed in such specimens may be due to the 
presence of alpha iron. Be that as it may, the writer considers that this 
cannot very well be reconciled with the fact that as the material rises in 
magnetic qualities, and assuming for a moment that this is due to the 
presence of alpha iron, why does the ball hardness rise to the high figures 
mentioned, in fact in some cases to over 500, which, as just mentioned, is 
rapidly approaching material having a quality of hardness which would 
scratch glass. It would be imagined that the presence of more alpha 
iron would make the material softer, whereas the exact contrary is the 
case; the higher the specific magnetism, the greater the hardness. 

Efed of Treatment on the Magnetic Qualities of NickehChromium 
Steel.— Wiih. regard to the quality of specific magnetism, as a comparison 
with manganese steel it may be mentioned that upon quenching other 
alloy steels, such as nickel-chromium steel containing say 0.66 per cent, 
carbon, this material in its annealed condition has a specific magnetism of 
90 per cent., as compared with Swedish charcoal iron 100 per cent., and a 
ball hardness number of 212. Upon quenching this product in oil at a 
temperature of 940® C., the material has a ball hardness of 683, and its 
specific magnetism is reduced to 74 per cent. Table IV shows the 
different qualities in the (o) annealed, and (5) quenched lOoui'.ioLt. 



NON-MAGNETIC AND lAAGNETIC CONDITIONS OF MANGANESE STEEL 485 


Table IV 


Condition of 

BaU 

Specific 

Eesidual 

Coercive 

Electrical 

Specimen 

Test 

Magnetism 

j 

Magnetism 

Force 

Resistance 

(a) Annealed . . . 

232 

90 

14,400 

17.5 

24.2 

(&) Quenched in oil 


74 

7,800 

43.7 

^ 41.9 


It will be seen that on the material becoming hard, the specific mag- 
netism has fallen about 20 per cent., whereas in the manganese steel 
referred to in this paper the specific magnetism increases, and at the 
same time the ball hardness number increases more than 100 per cent. 
In other words, as will be shown later on in the paper, these differences 
in magnetic qualities must, so the writer thinks, be ascribed to reasons 
altogether different from those offered by the allotropist. As the above 
figures show, remarkable changes have been produced by the treatments 
referred to, in physical, mechanical, and electrical qualities. The writer 
would urge these are due rather to changes in the form of the carbon 
combinations with the iron. 

In the writer’s paper read before this Institute in 1893, the following 
was stated : “ It is also important by this experiment to have proved that 
the hardness of manganese steel is independent of its magnetic condition, 
confirming Mr. Wingham’s contention several years ago {Journal of 
Iron and Steel Institute, 1890, No. I, p. 101) that the beta-iron theory 
is inconsistent with the facts noticed in magnetizing hardened steel. He 
rightly asked: How could permanent magnetism in hardened carbon- 
steel be reconciled with the fact that such material was found so ex- 
ceedingly suitable for the manufacture of permanent magnets if the 
iron present in that material was in the beta-form, the latter being 
supposed to be non-magnetic? If hardened steel is a material in which 
non-magnetic beta-iron is imprisoned, so to speak, how comes it that 
such a steel is, of all others, the most suitable medium for articles requir- 
ing magnetic retentiveness? Mr. Wingham further added that to make 
the hypothesis more acceptable it would.be necessary to say that 'ap- 
parently hardened steel must contain some alpha [or soft] iron.’ This of 
course is quite inconsistent with the facts known. The harder the steel 
the more pronounced are its qualities of magnetic retentiveness. . . . 
Conversely, wrought-iron, in which there is supposed to be no iron present 
in the non-magnetic or beta-form, even if quenched from a high heat, ought 
to make a good permanent magnet, as all the iron present is supposed to be 
in the alpha and magnetic state. It is certainly subject to magnetic 
influence, but otherwise it has just the opposite quality.” 

The statements in the foregoing citation, while made by the writer so 
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long as 20 years ago, yet to-day seem to have quite as much force in them 
as when submitted to this Institute. 

The allotropist has, so the writer understands, always claimed that 
when iron takes the beta form it is non-magnetic. In the specimens 
described in this paper, however, the same manganese steel which is 
before absolutely non-magnetic, after treatment possesses about 42 per 
cent, of the specific magnetism of pure iron, and the hardness, instead 
of decreasing, as it should do, that is if its latter qualities are due to the 
presence of alpha iron, rises to the respectable figure of nearly 600 Brinell 
ball hardness number. On the other hand, the iron and nickel alloy 
(C, 0.60; Mn, 1.00; Ni, 20.00 per cent.) which is non-magnetic at ordinary 
temperatures, remains non-magnetic even if heated for a considerable 
time, about 96 hr., to temperatures of between 300° and 700° C., yet 
this same material upon being cooled down in liquid air becomes magnetic. 
Moreover, its hardness, whether in the non-magnetic or magnetic condi- 
tion, remains low, from 180 to about 250 ball hardness number. 

The writer trusts that the deductions to be drawn from the experi- 
ments now described will prove of considerable practical and scientific 
importance. It is also further shown as a result of this research work, 
which commenced in 1894 when the writer read his paper already referred 
to before the Iron and Steel Institute, and now fiui;her continued during 
the last four years by Professor Hopkinson and himself, that by this 
treatment manganese steel can be brought into such a condition that it 
can be dealt with by tools. 

The Relation of Hardness to the Magnetic Qualities . — It must not be over- 
looked that with regard to ordinary manganese steel, it is possible to have 
this material with say 200 ball hardness number, also with considerably 
over 500 ball hardness number, and in between these two conditions, yet 
in all these states or conditions the material is non-magnetic. 

The writer has also made ball hardness tests on the half of a manganese- 
steel test bar which had been pulled in a tensile machine. The tensile 
strength was 62 tons per square inch, with an elongation of 52 per cent, 
on 8 in. The ball test on the unstressed end was 223, and near the frac- 
tured portion no less than 540. 

While this hardness is produced by quite different treatment from the 
specimens described in the present paper, it is interesting to note that the 
hardness of manganese steel can be varied from the comparatively low 
figure of 223 up to 540, without in any way affecting its non-magnetic 
condition, even when the material is physically strained. As is well 
known, in ordinary steel the material often becomes a strong magnet 
after being physically strained. Manganese steel of the ordinary type, 
which is non-magnetic, on the other hand can be strained so that its 
hardness is more than doubled, ^without materially affecting its non- 
magnetic condition. 
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It may be interesting to set this out in the form of a diagram, Fig. 2. 
In this diagram comparison is drawn between manganese steel, non- 
magnetic nickel steel, and ordinary mild carbon steel. There is shown 
the actual increase in the ball hardness figures without regard to their 



differences in initial hardness. It will be seen that if the specimen is 
stretched to an equal percentage^ of elongation, then the hardness number 
of ma nga ne se steel is increased much more than either carbon or nickel 
steel, nickel steel being intermediate. An elongation of 20 per cent. 
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produces in manganese steel an increase in ball hardness of 125, high 
nickel steel (22.8 per cent, nickel) increases only 50, and mild carbon steel 
42. The actuabball hardness figures of these materials before stretching 
were: Manganese steel, 223; high nickel steel, 164; and mild carbon steel, 
137. 

It may be interesting to add that the same high nickel steel above 
mentioned (actual analysis, C, 0.59; Mn, 1.01; Ni, 22.80 per cent.) gave 
the following results in the tensile testing machine : 


Table V 


Test -bar number 

6803F 

6804 

Treatment 

As forged 

800 abs. furnace 

Tensile test: 

Elastic limit, tons 

22 

16 

Breaking load, tons 

.48 

43 

Elongation, per cent 

55 

47 

Reduction in area, per cent . 

72 

58 

Ball test: 

On thread . . . 

179 

155 

Near fracture 

340 

280 

Magnetic properties, test with hand magnet: 

Non-magnetic 

On thread 

Non-magnetic 

Near fracture 

Slightly magnetic 

Very feebly 
magnetic 


It is quite clear, therefore, that non-magnetic nickel steel, like man- 
ganese steel, has its hardness increased by deformation. Unlike man- 
ganese steel, however, the high nickel steel is made distinctly magnetic 
by deformation. 

Interesting results were also obtained by heating manganese steel, to a 
temperature of between about 500° and 550° C. as an approximate 
maximum. It is possible to then obtain manganese steel which is 
magnetic and possesses a ball hardness of about 300 to 350; this product 
can be tooled. By the further Jieat treatments described in this paper, 
the baU hardness of the material can be increased to about 500, with 
between 30 and 40 per cent, of specific magnetism. 

The previous research work of the writer bears in an interesting man- 
ner upon the foregoing results. In his original paper of 1888 on Man- 
ganese Steel, read before the Institution of Civil Engineers, it was 
stated “Manganese steel of the lower percentages possesses the peculiar 
advantage of being softened by the following treatment: A specimen 
heated sufficiently to be seen red-hot in a dark place, on being plunged 
at this low heat into cold water, becomes sufficiently soft to be easily 
filed, planed, or otherwise fitted. Hardness is then restored by re- 
heating to a bright red and cooling in air.” Similar results were then 
reported by some of those joining in the discussion at that time. 

The writer’s attention has been called bv his friend Knox Taylor to 
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the interesting and excellent laboratory practice book by Charles Morris 
Johnson, entitled Rapid Methods for the Chemical Analysis of Special 
Steels, Steel-maldng Alloys and Graphite. In the chapter on The Anneal- 
ing of Steel,” Mr. Johnson pointed out more than five years ago that he 
had succeeded in softening manganese steel by heat treating it at a tem- 
perature of 520° to 550° C. He stated that by this treatment a plate 
could be drilled without sharpening the bit, also the plate was readily 
drilled without screeching. As an evidence of the correctness of the fore- 
going, four holes were drilled in manganese steel without resharpening the 
drill. Plates of the same material were also easily machined in the planer. 
It was noticed that some of the plates were also very brittle while in this 
condition. 

Mr. Johnson also made some chemical determinations, and found, 
as the writer has pointed out in some of his previous papers, and as also 
noticed by Dr. Ledebur and one of his students at Freiberg, Tetskichi 
Mukai, of Tokyo, in the latter’s paper. Studies on Chemico-analytical 
and Microscopical Examination of Manganese Steel, that the condition 
of the carbon in manganese steel can be largely changed by heat treat- 
ment. In the particular case before referred to, Mr. Johnson found that 
the carbon had changed into what he terms “almost entirely into the 
perfectly annealed state.” The writer of this paper is heartily in agree- 
ment with Mr. Johnson’s conclusions, as they help to bear out the view 
he has held for a long time, namely, that the condition of the carbon in 
manganese steel has an important bearing upon its physical quality. In 
other words, without seeking to explain the changes noticed by consider- 
ing whether there has been an allotropic modification of the iron present, 
the changes in the carbon combinations in manganese steel may account 
for, or at any rate have an important bearing upon, the changes in its 
physical and magnetic qualities. 

In the same direction, it would be interesting to add the results of the 
following experiment recently carried out on similar lines to those referred 
to in the writer’s paper some 20 years ago. It was then, as now, noticed 
that it was possible to make manganese steel magnetic by the following 
treatment. This experiment is, however, more specific, with the exact 
temperatures recorded. 

The specimens of manganese steel were heated as follows: 

(a) In charcoal to 1,000° C. and cooled slowly in an electric furnace. 
This bar, while to some extent magnetic, is not nearly so much so as the 
material submitted to the standard treatment at 500° C. referred to in 
this paper. 

(b) Another specimen was taken and heated in the same manner to 
970° C., then cooled in furnace to 500° C,, and kept for 69 hours at 500° G, 
This was very magnetic, fully as much so as any of the specimens referred 
to in the present research. 
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It would appear therefore that, as proved by the various experiments 
referred to in this paper, the mere heating of manganese steel for a long 
time in charcoal probably does not produce the same results as the speci- 
mens dealt with in this research. The heat treatments necessary to 
obtain the full effect are those referred to in the present paper, and as 
mentioned by Mr. Johnson in the above-quoted reference from his work. 
In other words, the temperatures quoted by Mr. Johnson appear to be 
practically the same as those by which Professor Hopkinson and the writer 
have obtained in the various specimens treated the many curious magnetic 
and physical changes described in this paper. 

The results of these various experiments open a wide field of scientific 
speculation, and the writer cannot but think the results described in the 
present paper will eventually be found to help those scientists who are 
studying the properties or qualities of what are termed magnetism or 
magnetic forces. 

The Excellent Work of Professor Pierre Weiss on This Subject . — For 
example, the results of the interesting research work by Prof. Pierre Weiss, 
on The Magnetic Moment of Atoms and the Magneton, described in his 
paper to La Soci4t6 Frangaise de Physique, Paris, Jan. 5, 1913, appear 
to show that this quality of specific magnetism of the metals in the iron 
group or their alloys, probably depends upon quite other factors than 
allotropic modifications of the elements present. Professor Weiss claims 
that in what he terms Magnetons he has discovered better methods of 
explaining magnetic phenomena than by other theories. He appears to 
consider that the increase of magnetons, with their important bearing 
upon magnetic qualities, is independent of allotropic or perhaps even 
chemical modifications. 

Moreover, Weiss, to use his own words, and to quote from him fully 
on this important subject, has made the following statement. ‘'In 
1905 Kamerlingh Onnes and myself undertook the determination of the 
atomic moments of iron, nickel and cobalt, and the molecular moment 
of magnetite, Fe 304 . For this purpose we compared the magnetization 
to saturation of these substances in liquid hydrogen, which boils at 20° 
absolute scale, at atmospheric pressure, with the known value of this 
quantity at the ordinary temperature. For iron and nickel the ex- 
periment succeeded, and the appearance of the magnetization curves 
showed that saturation had been reached. For cobalt and magnetite 
this state was not reached, due doubtless to the potential energy of 
magneto-crystalline origin preventing complete alignment. We found 
for the moment of the gram-atom: 

Iron 12,360 

• Nickel 3.370 

We have also investigated the question of the rationality of the relations 
between the atomic moments, and have reached a negative conclusion. 
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If we had made the comparison with definite numbers, instead of making 
it with roughly estimated numbers, before making various slight cor- 
rections, we would perhaps have been struck with the extreme exactness 
with which the ratio 11:3 is obtained. We have in fact; 


Iron 12.360-11X1123 6 

Nickel 3.370- 3X1123.3 


I shall here anticipate the demonstration which I shall give of the 
generality of a rational relationship between the atomic moments and 
shall call the common aliquot fraction 1123.5 the Magneton, As the 
numbers here relate to the gram-atom, 1123.5 will be the mag- 
neton-gram. By dividing by the number of Avogadro 68.5X10^2, we 
obtain the magneton itself, that is, 16 . 4 X 10 -^ 2 , jg moment of 

a small elementary magnet which will be contained eleven times in 
the atom of iron, and three times in the atom of nickel. The mag- 
netons of the same atom will be exactly parallel to each other. For 
cobalt the gap was later filled indirectly by a series of measurements 
which I asked 0. Bloch to make with the alloys of nickel and cobalt 
(Bloch, thesis, Zurich, 1912). Up to 70 per cent, of nickel we obtain 
without trouble, saturation at low temperatures, and this quantity varies 
in a direct line with the percentages. It follows the law of mixtures. 
In prolonging the line up to 100 percentage of cobalt, we find 8.925 
magnetons, that is nine according to the degree of accuracy of the 
experiment.’^ 

He then goes on to define the magnetic moment of a magnet as ^‘the 
product of the magnitude of one of its poles and their distance; when a 
body contains several parallel magnets, the resulting magnetic moment 
is the sum of the magnetic moments composing it.” 

He further points out that, with regard to the properties of the 
alloys of the ferro-magnetic alloys, ‘‘Many interesting points have been 
revealed. In solid solutions magnetization to saturation in the neighbor- 
hood of the absolute zero varies lineally as a function of the centesimal 
composition. The chemical compounds have, on the contrary, their 
number of the magneton proper. In the ferro-nickel series, the com- 
pound Fe 2 Ni, whose existence, it may be said in passing, has been really 
revealed by the magnetic properties, possesses for the entire molecule 
Fe 2 Ni, thirty magnetons. Magnetization to saturation at very low 
temperatures is represented within the space of 0 to 100 percentage of 
nickel by two lines, one of which extends from Fe to Fe 2 Ni, and the 
other from FeaNi to Ni.” 

Weiss also points out that “While we know as yet but little regarding 
the properties of the magneton, yet the nature of the change or modifi- 
cation found in bodies whose number of magnetons varies with a de- 
termined temperature, sometimes with great suddenness, thus making 
us think of a point of fusion or melting point, appears to be very mys- 
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terious and requires in itself special study/’ He adds ^^This is not an 
allotropic transformation in the ordinary sense of the word, since in the 
case of magnetite (^6304) this body shows that the molecule preserves 
throughout these transformations its general construction with the same 
number of degrees of freedom. Does this modification require the ex- 
penditure of energy? Are there other external characteristics which 
accompany it? It is possible to give an answer to this last question on 
one point only. The constant of the molecular field, which expresses 
the mutual action of direction in the ferro-magnetic bodies, suffers a 
change in common with the number of magnetons. The correlation 
between the number of magnetons in the same atom of iron, for example, 
and the chemical type of compounds in which it figures, deserves to be 
studied very carefully. Are the chemical forces elementary magnetic 
attractions? Are the valences in either case similar to magnetons?” 

Weiss concludes his paper by stating: Finally, as we may say, 
that as the electron shows the new ideas on the irregular and discon- 
tinuous structure of electricity, so the magneton marks as analogous 
evolution in the representation of magnetic phenomena.” 

As regards Weiss’s work, this is of special importance, as his theories 
show that it is possible to definitely account for and explain the physical 
changes produced in the so-called alpha-beta transformation, A2, or in 
other words, the change in the magnetic properties and specific heat of 
iron at the critical point in question. These changes are explained by 
the mechanism of the sub-atomic masses, which are termed magnetons 
by Weiss. In view, therefore, of his work, it would appear that it is not 
necessary to look to allotropic theories for an explanation of the phenom- 
ena in question. 

What is the Explanation of the Peculiar Facts Noticed ? — Coming as 
these theories do from such an able worker as Professor Weiss, they 
must in the near future prove of great importance. The writer, how- 
ever, would point out that chemical modifications or combinations of 
the constituents of ferro alloys also offer a field in which at any rate 
a partial explanation seems to be obtained of some of the many peculiar 
facts noticed in connection with the research now described. For 
example, the writer thinks that the behavior of carbon in its various 
forms, as carbides of iron, or carbides of manganese, or both, their dis- 
sociation, their combination, probably have more or less important bear- 
ing on the many peculiar magnetic changes noticed in the manganese- 
steel specimens now described. 

Elmer H. Williams, of the University of Illinois, in a very interesting 
paper on The Electron Theory of Magnetism,^ states that some bodies, 

i'Mr. Williams points out to illustrate the size of an electron as compared with 
an atom, that one must imagine a hydrogen atom increased in volume to that of a 
large cathedral, the electron being increased proportionally. Then the volume of 
the electron would be that of a fly flying about in the vast space. 



NON-MAGNETIC AND MAGNETIC CONDITIONS OP MANGANESE STEEL 493 


such as iron, when heated, show a gradual transition from the ferro- 
magnetic to the paramagnetic state, or vice versa^ but as yet no body, 
with the exception of tin, has been found which, by change of physical 
conditions, will pass from the diamagnetic to the paramagnetic state. 

It would be interesting to further follow up Mr. Williams’s researches 
as so ably set forth in the paper referred to above. 

With regard to some of the foregoing points submitted for considera- 
tion, it is also to be noticed that Honda and Takagi, in their recent and 
most valuable paper upon The Transformation Points of Iron and Steel 
at High Temperatures {Revue de Mitallurgie, December, 1913), point 
out that the disengagement of heat in such transformations is not notice- 
able, and still more important, they mention that recalescence cannot 
be attributed, as believed by some, to the polymorphous transformations 
of the iron, but that it is due to the disengagement of heat produced by 
the separation of the mixed crystals of iron. 

P. Goerens in his paper on The Influence of Thermal Treatment upon 
the Properties of Strained (4eroui) Steel {Revue de MUallurgie, December, 
1913) has pointed out that in experiments which he carried out upon 
strained steel, while annealing will restore the original properties of such 
material, this does not occur so long as the temperature of annealing re- 
mains below 520® C. He found this temperature, 620® C., was constant 
not only for one but various kinds of steel, the temperature of such change 
varying between 620® and 660® C. This is not a little remarkable seeing 
that these figures represent about the same temperatures at which the 
various manganese-steel specimens referred to in this paper become 
considerably magnetic; for example, the specimens represented by group 
(C) in Table I. 

It must not be overlooked that some of the thermal change points 
in iron are no doubt due to changes in the specific heat qualities. Weiss 
points out that the irregularities in the specific heats of ferro-magnetic 
bodies present veritable riddles, though he considers that, by a proper 
study and comparison of the magnetic and calorimetric results, a solution 
appears to be possible. 

While fully recognizing how exceedingly valuable free and open dis- 
cussion on the theories of the allotropist and the carbonist has proved, 
it would be a great boon if some better understanding could be arrived 
at as to the meaning of the facts noticed with regard to magnetic phe- 
nomena in connection with the alloys of iron and steel. It is admitted 
that they are very complex, but in the light of the enormous amount of 
research work which has been carried out during the last few years, it 
would seem that there is an opportunity for the various schools of thought 
to meet on some common ground, with a view to work together in that 
direction which seems to offer the most light, and thus enable us to under- 
stand and eventually apply such benefits as are obtained to practical 
advantage. 
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Concluding Remarics— In conclusion, it is hoped that the peculiar 
behavior now described of manganese steel when subjected to heat treat- 
ment, may throw some light upon other phenomena met with in alloys 
of iron with various elements, including carbon steel, which can also be 
included as an alloy steel. The experiments have been carried out as 
carefully as possible, and it has taken several years to deal with and try 
to unravel some of the peculiar results obtained. 

The writer would also here take the opportunity of thanking the 
willing workers in his own Research Laboratory at Sheffield, Messrs. 
Milne and Main, for their co-operation and assistance. 

Bibliography —As the publications on this subject are not numerous, 
a bibliography of those which are probably the most important ones has 
been added. The writer hopes it will prove useful to those interested. 
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Discussion 

W. S. Potter, Pittsburgh, Pa.— The writer of this paper speaks of 
heating specimens of rolled manganese steel containing carbon 1.21 per 
cent., manganese 12.36 per cent., in a cementation furnace, and of ob- 
taining various degrees of magnetic increase in the different specimens. 

Under the heading “A,” completely or practically non-magnetic, 
the writer mentions specimens Nos. 6972 and 5973, each heated 15 hr. 
at 530° C., while under the heading “C,” very magnetic, he lists speci- 
mens 5748 and 5750, heated at 550° and 500° C., each for 6 hr. (in all 
four cases the metal was cooled with the furnace). A lower magnetic 
effect was observed in the one case after 15 hr. heating at 530° C. than in 
the other two specimens heated for the lesser time, one at 550° C. and 
the other at 500° C. 

I would ask the writer what analyses, particularly as to carbon, were 
found in the various specimens in the lots “A,” “B,” and “C” after 
the heat treatment. In July, 1911, about two carloads of manganese- 
steel sheets were rolled at the works of the American Sheet & Tin Plate 
Co. at Vandergrift, Pa. As an experiment, one sheet was annealed in 
the box aT^Tien.]ing ; furnace. This sheet was hard, brittle, and highly 
magnetic. It went into the furnace with carbon 1.17 per cent. It came 
out with a carbon content of 0.65 per cent. 

In my paper presented to this Institute at this meeting on the sub- 
ject of manganese steel, the various heat treatments as per Series 2, with 
the exception of heat treatments 1, 2, and 3, caused the bars to suffer a 
very notable change in respect to magnetic qualities; that is to say, 
manganese-steel bars heat treated for 1 hr. at temperatures of from 371° 
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C. to 1,204° C. were much more magnetic than in the original rolled and 
water-quenched state of the steel, but this was confined to the skin of 
the bars, except as follows : A magnetic increase was j ust noticeable in the 
interior portions of the bars heated to 400° C. to 700° C., but not in those 
heated to higher temperatures. The sorbitic and martensitic conditions 
of the steel have perhaps a slightly greater magnetic quality than the 
austenite state. The strong, immistakable magnetic effects, so far as I 
have observed them, are, however, accompanied with loss of carbon, and 
a general break up, which might be expected to liberate iron from a double 
carbide of iron and manganese. 

I repeat my question, What were the analyses of Sir Robert Hadfield's 
specimens after the various long heatings which he mentions? 

Albert Sauveur, Cambridge, Mass. — This paper has interested 
me very much, but apparently I am not looking at the question from the 
standpoint of the authors, because while they show in their paper a very 
strong argument against the allotropic theory, I find it one of the best 
supports of the allotropic theory ever offered. In my opinion, the 
behavior of manganese steel under heat treatment can be accounted for 
on terms of the allotropic theory, and, so far as I can see, in no other way. 

Henry M. Howe, New York, N. Y. — think the Chairman has 
spoken very justly in saying that the experiments of Sir Robert Hadfield 
are a very strong support, not of the allotropic theory — that does not 
require any support, that is as firmly established as the dynamic theory 
of heat compared with the phlogistic theory of heat. I do not think it is 
open to discussion. Phlogistic theory of heat is a little longer dead. The 
theory that we have no allotropy in iron is equally dead with the 
phlogistic theory. It simply is not quite so long dead. 

The case of manganese steel is greatly complicated from the fact that 
from it the eementite precipitates with great readiness, and that makes 
the phenomena much more dilOSicult to interpret, but this evidence that 
you pass to the magnetic state so readily, it seems to me, is fully in accord 
with the idea which I expressed this morning earlier, that you have this 
beta state intermediate between the gamma and the alpha state. In the 
case of nickel steel, to which I referred, that is now to a large extent 
paralleled by that of manganese steel, that you could, by proper heat 
treatment, transfer from the gamma state to this magnetic state. 

B. Hopkinson, Cambridge, England (commimication to the Secre- 
tary*). — I am very glad that Sir Robert Hadfield has been able to present 
a paper to the American Institute of Mining Engineers on manganese 
steel and to include in it some account of the research on which we have 
recently been engaged together. I need hardly say that I entirely agree 
with the statement which he has given of the general results of our joint 

* Received Mar. 7, 1914. 

VOL, L. — 32 



498 NON-MAGNETIC AND MAGNETIC CONDITIONS OP MANGANESE STEEL 

work. I should like to add oue point which has arisen smce Sir Robert 
Hadfield left this country for the United States. He refers in his paper 
to the hardening or stiffening of water-toughened manganese steel which 
occurs when a test piece is pulled out and broken; the parts near the 
fracture have 2 or 2| times the Brinell hardness number that the metal 
possessed before the fracture. An accurate magnetic test which I have 
made recently on one such bar which Sir Robert Hadfield sent to me just 
before he left shows that the hardened portion near the fracture is very 
slightly, but quite distinctly, magnetic. The magnetism in intense fields 
is about 0.8 per cent, of that of pure iron,* whereas a piece cut from the 
unstrained ends of the same bar would show less than 0.3 per cent. This 
fact does not, of course, affect Sir Robert Hadfield’s general conclusion 
that profound changes in mechanical properties may be associated with 
very slight changes in magnetic properties and presumably therefore with 
but little change in the molecular condition (whether by the formation of 
allotropic modifications or otherwise) of the iron or other elements 
present. 

The fact that manganese steel which has been hardened by pulling is, 
though only slightly magnetic, still many times as magnetic as the same 
steel before the work has been done on it, has some significance, however. 
Taken together with much other evidence which cannot be summarized 
here but which will be given in detail in the paper which Sir Robert 
Hadfield and I presented last October to the Iron and Steel Institute, to be 
read in May, it seems to me to show that the hardness of this material 
when in the magnetic condition is due to the presence of a hard constituent, 
which is produced by heating the water-toughened steel to any temperature 
between 400® and 600° C. or by mechanical work. As the amount of the 
constituent is increased the magnetism increases with it, but whether this 
is because it is itself magnetic or because the remainder is made magnetic 
by the abstraction of carbon or manganese into the new constituent, the 
evidence is as yet insufficient to decide. Stead, who proved the existence 
of such a constituent in 1894, was of the latter opinion. It is apparently 
formed as a continuous network inclosing separate grains of (presumably) 
still soft metal. In consequence of this distribution even small quantities 
of it such as are associated with trifling changes of magnetism can greatly 
affect the mechanical properties of Idle material, just as a trace of lead 
added to gold entirely destroys its ductility by forming a brittle eutectic 
inclosing the grains of pure metal. Facts such as these suggest that no 
invariable relation ought to be expected between the mechanical prop- 
erties of a steel and the molecular condition of its constituents, because so 
much depends upon the arrangement of these constituents. The pro- 
duction by heat treatment of a hard constituent (say the beta iron of the 


2 In. ordinary fields it, of course, remains practically non-magnetic. 
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allotropists, assuming such to exist), even in considerable quantities, 
might leave the material perfectly ductile if it were formed in separate 
nodules inclosed in a matrix of ductile metal. On the other hand, quite 
a small quantity of the same material arranged as a continuous network 
might confer hardness. It seems to me that any theory which fails to 
take full account of this important factor of arrangement is likely to lead 
to wrong conclusions. 

I ought perhaps to add that the views expressed in the last paragraph 
must be taken as the expression of my own opinion only, as I have not yet 
had the opportunity of discussing this interpretation of the facts fully 
with Sir Robert Hadfield. 

Sib Robert Hadfield (communication to the Secretary*) : — I note 
with much interest Mr. Potter’s remarks regarding the decarbonization 
of a manganese-steel sheet. A thin sheet may be readily decarbonized, 
so that a reduction from 1.17 to 0.65 per cent, carbon might be expected. 
In our own practice in Sheffield we have had similar experience. 

As regards the latter portion of Mr. Potter’s remarks, he says that 
'^manganese-steel bars heat-treated for 1 hr. at temperatures of from 
371® C. to 1,204® C.swere much more magnetic than in the original rolled 
and water-quenched state of the steel.” If by this he means that upon 
heating to 371® C* the material becomes magnetic, then it is quite certain 
he would not be able to obtain magnetic qualities. The temperatures 
referred to in our paper must be reached before this change from non- 
magnetic to magnetic condition occurs. It was one of the objects of 
presenting this paper to identify and make clear the exact temperatures, 
or as near as is possible, at which this extraordinary change occurs; that 
is, when manganese steel passes from the ordinarily non-magnetic into the 
magnetic condition. 

With regard to the various specimens referred to in our paper, and the 
question asked by Mr. Potter, I can assure him most positively that there 
was practically no alteration in the percentages of carbon, whether by 
short, medium, or long heat treatment. We have repeatedly tested and 
proved this. If Mr. Potter wishes, I would be very pleased to send him 
specimens of our manganese steel before and after the treatment referred 
to in the paper, so that he himself could verify the statement. 

I would again state most positively that the magnetic effect produced 
has been obtained entirely apart from any loss of carbon in the steel. 
Mr. Potter speaks of ‘'a general break up.” This term seems somewhat 
vague, and it is difficult to answer his question without more definite in- 
formation as to what he has in mind by the use of this term. 

I note with interest Professor Sauveur’s remarks, and in reply would 
say that as I have dealt with the points with regard to allotropy in my 


♦Received April 13, 1914. 
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discussion on his paper entitled Notes on Some Heating and Cooling 
Curves of Professor Carpenter’s Electrolytic Iron, it would be better to 
refer the reader to this for fuller comments. 

In the same way as regards Professor Howe’s remarks. I do not, 
however, quite understand what Professor Howe means by the allotropic 
theory, which in the language of the founder (M. Osmond) was: “I con- 
clude that hardened steel owes its properties principally to the presence of 
beta iron, which is hard and brittle by itself at the ordinary temperature. 
If Professor Howe includes this as one of the basic points and claiins that 
there is a hard beta adamantine form of iron, then not only is this seri- 
ously open to discussion, but such theory has now been proved to be un- 
tenable. Surely it is the allotropic theory, if it is intended in this sense, 
which is dead. 

I would suggest that those interested in this matter, before making 
any further positive statements with regard to the allotropic theory, 
should read the recent important papers by A. McCance on The Theory 
of Hardening, Professors Edwards and Carpenter on The Hardening of 
Metals, and Professor Honda on Transformations of Iron and Steel at 
High Temperatures. These three authors clearly prove that the much- 
disputed A2 point represents no allotropic change at all; also that beta 
iron does not exist. 

I quite agree with Professor Howe’s remarks regarding cementite 
being precipitated with great readiness in manganese steel. 
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Manganese Steel and the AUotropic Theory 

BY AIBBRT SAUVEUB, CAMBRIDGE, MASS. 

(Pittsburgh Meeting, October, 1914) 

At the New York meeting of the Institute, February, 1914, Pro- 
fessor Hopkinson and Sir Robert Hadfield presented an important paper 
entitled Research with Regard to the Non-Magnetic and Magnetic 
Conditions of Manganese Steel. ^ 

Any contribution on manganese steel by its discoverer necessarily car- 
ries with it much weight and is entitled to serious and close consideration. 
The momentous discovery of that alloy by Sir Robert Hadfield some 30 
years ago was the signal for great activity in the field of alloy steels; and 
the remarkable results obtained in the last two decades probably con- 
stitute the most important modern advance in the metallurgy of 
steel. 

The authors of the paper referred to above are unable to reconcile 
with the allotropio theory the interesting results obtained by them in 
heat treating manganese steel. When they speak of the allotropic 
theory, however, I understand that they have more especially in mind 
the existence of beta iron. It is not my understanding that they question 
the occurrence of iron in the two allotropic varieties known as gamma and 
alpha. If I am wrong, I trust they will correct me. 

A careful consideration of the experimental results reported and dis- 
cussed by the authors leads me to believe that on the contrary they can 
be very satisfactorily explained in terms of allotropy and that, in the 
light of our present knowledge, they cannot be accounted for in any other 
way. 

The physical properties of non-magnetic manganese steel described 
by the authors are those pertaining to iron-carbon alloys in which iron 
is present in the gamma condition, or, in other words, to austenite. The 
metal is then characterized by great tenacity and ductility and low 
elastic limit, while its hardness, mineralogically speaking, is not excess- 
ive, but of a special kind termed tough hardness by the authors. 
Even when subjected to the restraining influence of a large amount of 
manganese and of considerable carbon, however, relatively rapid cooling 
is necessary to produce austenitic manganese steel free from beta and 


^ This volume, p. 476. 
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alpha iron. On very slow cooling from a high temperature, as indicated 
by the authors, manganese steel becomes, to some extent, magnetic, 
because in accordance with the allotropic theory such slow cooling per- 
mits the formation of some beta and alpha iron. The mineralogical 
of the metal is then, as it should be, somewhat greater. Non- 
magnetic, and, therefore, austenitic, manganese steel, while very much 
more stable than hardened, high-carbon steel, is nevertheless in an un- 
stable condition, as evidenced by the fact that relatively quick cooling 
is required for its production. On reheating (shall we say tempering?) 
manganese steel, therefore, we may logically anticipate a partial trans- 
formation of gamma iron into beta and, possibly, into alpha iron and, 
indeed, the authors show that reheating non-magnetic, austenitic man- 
ganese steel for a long period of time to some 500“ C. or higher causes the 
return of considerable magnetism and greatly increased hardness. While 
they consider this occurrence fatal to the allotropic theory, it appears 
to me, on the contrary, to carry with it a striking confirmation of the 
correctness of that theory. If there were no hard allotropic modifica- 
tions of iron between the soft alpha and moderately hard gamma varieties, 
the transformation taking place in reheating manganese steel could only 
imply the formation of some alpha iron and, therefore, decreased hardness. 
The fact that the treated steel becomes magnetic also points to the 
formation of some alpha, together with beta iron. This is also con- 
sistent with the allotropic transformation observed in carbon steel when 
we find that whenever a notable quantity of beta iron is formed, causing 
hardness, sonae alpha iron also forms, imparting magnetism to the 
metal; hence the hardness and magnetic properties of hardened carbon 
steel. It does not seem possible, in the presence of carbon at least, to 
produce much beta iron to the exclusion of alpha iron. These two allo- 
tropic varieties probably form isomorphous crystals which are both hard 
and magnetic. 

The authors seem to have some difficulty in explaining, in accordance 
writh the allotropic theory, the fact that on heat treating non-magnetic 
manganese steel, both the hardness and the specific magnetism may 
increase, their argument being that if magnetism is due to the formation of 
soft alpha iron, then increased magnetism must mean increased softness. 
This, however, is only an apparent inconsistency, as I have attempted to 
show graphically in fig. 1. We may assume that at 400° C. originally 
non-magnetic manganese steel remains non-magnetic, the iron present 
being wholly in the gamma condition. After a long heating, say at 450° C., 
some of the gamma iron is converted into beta and into alpha iron. Of 
the iron present, AB per cent, may be assumed to occur now as alpha iron, 
BC per cent, as beta iron, and CD per cent, as gamma iron. Heating to a 
higher temperature, or possibly a longer heating at the same temperature, 
causes further transformation, both beta and alpha iron increasing, the 
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metal containing now A'B' per cent, of alpha and B'C' per cent, of beta 
iron; hence its increased magnetism and increased hardness. 

Some beta and alpha iron having now been formed, it is evident that 
on heating the metal to a sitBBciently high temperature, a critical point 
must necessarily be found, caused by the return of alpha and beta iron to 
the g flTnTnfl, condition — ^the only one stable at a high temperature. The 
authors have located this point at about 675° C., as shown in my Fig. 1. 
On again cooling the metal relatively quickly, no critical point should be 
detected, since the steel remains non-magnetic, that is, in the gamma 
condition. 



Fia. 1. 


The fact alluded to by the authors that manganese steel can be so 
softened by suitable heat treatment as to make it machineable is another 
evidence of the formation of alpha iron. 

From the fact that cast manganese steel is much less ductile than the 
water-toughened metal, although likewise non-magnetic, we not illogically 
infer that some beta iron may have been formed during the relatively slow 
cooling of the casting, while the usual lack of ductility of steel castings 
in general and the possible separation of carbide may be additional reasons 
for the properties of cast, untreated manganese steel. 

The fact that manganese steel does not become magnetic on cooling it 
in liquid air, while non-magnetic nickel steel with some 22 per cent, 
nickel regains its magnetism after such treatment, does not point to 
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different influences being at work. It can be satisfactorily accounted for, 
as shown in Fig. 2, in which it is reasonably assumed that with 1 to 1.25 
per cent, carbon it requires some 7 per cent, of manganese to lower the 
critical point from its normal position (some 700*^ C.) to atmospheric 
temperature, whereas some 18 per cent, nickel may be required to cause 
the same depression. Extending below atmospheric temperature the 
lines indicating the lowering of the critical points, it is seen that with some 
12 per cent, manganese the critical transformation may be lowered to 
some ^400*^ C., while nickel steel with 22 per cent, nickel would have a 
critical point at 100° C. and therefore detectable on immersion in 
liquid air. It will, of course, be understood that no claim is made here 
in regard to the exact position of the lines or curves indicating the 



depression of the magnetic change with increased manganese or nickel. 
These positions, so far as I know, have never been accurately deter- 
mined, but, from the results available, the diagram of Fig. 2 is not 
altogether a fantastic one. 

The authors quote at length from the important work of Pierre Weiss, 
who has developed a new theory of magnetic transformation in metals. 

The attitude of a scientific man toward new theories should be one 
of open-mindedness and receptiveness — even of reverence — when the new 
thought springs from an exalted source; but it should also be one of 
caution. He should guard against too hasty and enthusiastio acceptance. 
He should be mindful of the theoretical scrap heaps lining both sides of 
the pathway of scientific progress. For a while, at least, a new theory 
must be placed on probation, while being subjected to searching tests. 
It is the present position of Professor Weiss's theory. 
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With a view to securing, if possible, additional information in regard 
to the relation between the heat treatment of manganese steel, and its 
critical points, structure and physical properties, some experiments were 
conducted in the Metallographical Laboratory of Harvard University 
which will be briefly described and illustrated. 

Steel Used 

The .manganese steel used in these experiments was supplied by the 
Taylor- Wharton Iron & Steel Co. of High Bridge, N. J., in the shape of 
cast bars i by f in, in cross section and about 12 in. long. The steel 
contained 1.25 per cent, carbon and about 12,50 per cent, manganese. 



Fig. 3. — Cast Manganese Steel. Magnipieb 100 Diameters. Cementito- 

Austenitic Structure. 

Cast Untreated Manganese Steel . — The structure of the cast metal 
is illustrated in Fig. 3. It consists of polyhedric grains of austenite 
surrounded by a considerable amount of a constituent generally held to be 
a double carbide of iron and manganese (manganiferous cementite), or a 
mixture (possibly a solid solution) of the carbide of iron FesC and the 
carbide of manganese> MnzC. As is well known manganese steel in this 
condition has a low tensile strength, low elastic limit and little ductility. 
It is noh-magnetic. Its Brinell hardness number^ was found to be 196. 
In the light of the allotropic theory the absence of f erro-magnetism is to be 


® Tlie hardness tests mentioned in this paper were made at the Watertown 
Arsenah Watertown, Mass. They will be found tabulated at the end of the 
paper. 
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ascribed to the absence of alpha iron while the lack of ductility of the 
metal may be accounted for through the formation during the relatively 
slow cooling of the castings of some beta iron, although, undoubtedly, 
the presence of segregated carbide surrounding the austenite grains 
and the usual structural coarseness of cast steel may be also regarded as 
causes of brittleness. 

Heat Treatments 

Some of the steel bars were subjected to the following treatments: 
Heating to 1,100° C. and quenching in water. 

Heating to 1,100° C. and cooling in furnace. 

Heating to 1,100° C. and quenching in water followed by: 

Heating to 800° for 2 hr. and cooling in furnace. 

Heating to 700° for 2 hr. and cooling in furnace, 

Heating to 600° for 2 hr. and cooling in furnace. 

Heating to 500° for 2 hr. and cooling in furnace. 

Heating to 400° for 2 hr. and cooling in furnace, 

Heating to 575° for 90 hr. and cooling in furnace. 



Fig. 4. — Manganese Steel Heated to 1,100° C. and Quenched in Water. 

Magnieied 100 Diameters. Austenitic Structure. 

Before subjecting the treated specimens to microscopical examina- 
tion and to the Brinell test for hardness the outside, decarburized 
portion was removed by grinding. 

Bar Heated to 1,100° C. and Quenched in Water .- — The structure of 
this bar is illustrated in Tig. 4. The steel is now made up of polyhedric 
grains of austenite, quenching from a high temperature having caused 
the disappearance of the segregated carbide so conspicuous in the struc- 
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ture of the cast metal (Fig. 3). We naturally infer that at a high tem- 
perature this carbide or mixture of carbides dissolves in the austenite and 
that rapid cooling does not permit its re-precipitation. To the absence 
of this carbide must be ascribed in part at least the much greater tough- 
ness and tenacity of the quenched metal, although it may reasonably 
be claimed that the marked change of properties may also be due to the 
now complete absence of beta iron. As is always the case with austenitic 
steel, the elastic limit remains low. Two bars subjected to water quench- 
ing from 1,100° were tested for hardness, giving respectively as factors 



Fig. 5. — Manganese Steel Heated to 1,100“ C., Quenched in Water, Reheated 
AT 700' FOB 2 HE. AND SLOWLY COOLED IN FuENACB. MAGNIFIED 100 DIAMETERS. 
Austbnito-Martbnsitic Stedctuee. 

of hardness 174 and 181. This slightly decreased mineralogical hardness 
as compared to the hardness of the untreated metal (196) is in harmony 
with the conception of the formation of some beta iron during the 
relatively slow cooling of the cast bars and complete absence of it in the 
quenched bars. The quenched samples because of the absence of alpha 
iron are of course non-magnetic. 

Bar Heated to 1,100° and Slowly Cooled in the Furnace . — The 
structure of this bar was similar to the structure of the cast imtreated 
metal (Fig. 3). This was to be anticipated. Heating to 1,100° caused 
the segregated carbide or carbides to dissolve in the austenite but the 
very slow cooling that followed resulted in its being again precipitated. 
The metal was brittle and lacking in tenacity. Its hardness number was 
found to be 212, a slight increase over the hardness of the untreated 
metal (196). This may be explained on the ground that the furnace- 
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cooled bar cooled more slowly than the cast bars, resulting in the forma- 
tion of a greater amount of beta iron. From the fact that this bar is 
non-magnetic we infer that although slow, the cooling was not slow enough 
to permit the formation of any appreciable quantity of alpha iron. 

Bar Heated to 800^ for 2 hr. and Slowly Cooled in the Furnace. — The 
structure of this bar was quite similar to that of the cast, untreated bar, 
but from its greater hardness, which is now 245 as compared to 196, we 
infer that the long exposure to 800° followed by slow cooling made 
possible the formation of a greater amount of beta iron. The bar, how- 
ever, is still non-magnetic, which points to the non-formation of any 
appreciable quantity of alpha iron. 



Fig. 6 . — Same as Fig, 5 , Magnified 500 Diameters. 

Bar Heated to 700° for 2 hr. and Slowly Cooled in the Furnace. — The 
structure of this bar, illustrated in Figs. 5 and 6 under two dilferent 
magnifications, clearly indicates the formation of martensite and hence 
of considerable beta iron. From our knowledge of the properties of 
martensite we shall expect the steel to be ferro-magnetic because of the 
usual occurrence of an appreciable amount of alpha iron in martensite. 
We shall also expect the steel to be now mineralogically harder than when 
in an austenitic condition. These expectations are fulfilled. Manganese 
steel so treated is very appreciably ferfo-magnetic and its hardness is 
now 266, or 70 points higher than in the cast condition and some 90 points 
bigher than after quenching from 1,100°. 

Bar Heated to 600° for 2 hr. and Slowly Cooled in the Furnace —HhB 
structure of this bar was similar to that of the preceding bar, that is, 
iecidedly martensitic, while the bar, is ferro-magnetic, from which it 
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follows that the heat treatmeat to which it was subjected resulted ia the 
productioa of beta aad alpha iroa. Its hardness aumber, 335, iadicates 
a very great iacarease of hardaess. Evideatly this bar must coataia more 
beta iroa thaa the bar heated for 2 hr. to 700°. This is readily ex- 
plaiaed on the ground that 700° is very near the range of temperature in 
which gamma iron is the stable condition. 

Bar Heated to 500° for 2 hr. and Slowly Cooled in the Furnace. — The 
structure of this bar was also found to be martensitic while the metal was 
ferro-magaetic, but to a decidedly less degree than the preceding bar. 
Clearly, at 500° tempering does not proceed as far as it does at 600, with 
the result that less beta iron and less alpha iron are formed. This is 
perfectly consistent with the allotropic theory. The hardness number of 
the bar was 255. 

It seems evident that a temperature of 600° or thereabout is the most 
effective one to render manganese steel martensitic and, therefore, hard 
and ferro-magnetic. 

Bar Heated to 400° and Slowly Cooled in the Furnace. — The structure of 
this bar was practically that of the untreated quenched metal. It was 
non~magnetic and its hardness number was 163. Clearly, heating to 400° 
for 2 hr. is not sufficient to cause any appreciable tempering of the 
quenched metal. There is no apparent explanation for the fact that 
the steel is now somewhat softer than in the quenched condition. 

Bar Heated to 575° far 90 hr. and Slowly Cooled in the Furnace. — Seeing 
that magnetism is readily produced by heating in the vicinity of 600°, 
while the structure of the metal becomes decidedly martensitic, a quenched 
bar was kept for 90 hr. at a temperature of 575°. The structure of this 
bar was of the type illustrated in Figs. 5 and 6; its hardness was 356 and 
the metal was so magnetic that the bar could be readily picked up by a 
permanent magnet. 


Conclusions 

From the above data it appears that manganese steel of the Hadfield 
type may occur under three distinct conditions: (1) as austenitic steel 
mixed with a considerable amount of free carbide, a condition which is 
produced by slow cooling from a temperature exceeding 700°; (2) as 
austenitic steel practicallj* free from segregated carbides, a condition 
produced by rapid cooling from a high temperature; and (3) as martensitic 
or possibly austenito-martensitic steel, a condition most readily produced 
by reheating austenitic steel for a sufficient length of time to a temperature 
exceeding 500° but not 700°, 

In the first condition, which may be described as cementito-aus- 
tenitie, the metal is non-naagnetic, weak and lacking in ductility, while 
its hardness number is in the vicinity of 200. In its austenitic condition 
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Brinell Hardness Tests 


Marked (Treatment) 

Readings, mm. 

r- 

Average diameter 
mm. 

Hardness Factor 

Untreated unmarked. . . . 

4 30 

4 30 

4.30 

4.30 

196 

IIOOW 

4.40 

4 50 

4.55 

4.48 

181 

IIOOW duplicate 

4 55 

4.55 

4.55 

4.55 

174 

HOOF 

4 15 

4.15 

4.15 

4.15 

212 

800-2-F 

3 90 

3 85 

3.85 

3.87 

245 

700-2-F 

1 3.70 

1 3.70 

3,75 

3.72 

266 

60O-2-F 

3.35 

3.30 

3.35 

3.33 

335 

600-2-F 

3.80 

3.80 

3 80 

3.80 

255 

400-2-F 

4.70 

4.70 

4.70 1 

4.70 

163 

575-90-F 

3.20 

3.25 

3.25 

6.23 

356 






AH tests were made under load of 3,000 kg. with 10-mm. ball pressure held for 
30 sec. IIOOW signifies heated to 1,100® C. and quenched in water; 800-2-F 
signifies heated to 800® for 2 hr. and furnace-cooled, etc. 
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the metal has a high tenacity, great ductility, is non-magnetic, and its 
hardness number is in the vicinity of 180.* 

The martensitic condition results from the tempering of austenite, 
as previously explained. The metal is now ferro-magnetic because of 
the presence of some alpha iron, while its hardness varies between 250° and 
350,^ an increase due to the formation of a considerable amount of beta 
irop. 


DisctrssioK 

G. K. Btogbss, Washington, D. C. — This very instructive con- 
tribution by Professor Sauveur to our knowledge of that puzzling sub- 
stance, Hadfield’s manganese steel, should not only be read in con- 
nection with the paper of Messrs. Hopkinson and Hadfield referred 
to by Professor Sauveur; but one should also have in mind, as throwing 
much additional light upon the questions raised, two papers recently pre- 
sented before the Iron and Steel Institute, the one by Sir Robert Had- 
field (Journal of the Iron and Steel Institicte No. II, 1913) on Heating and 
Cooling Curves of Manganese Steel, the other by Messrs. Hadfield and 
Hopkinson (ibid., No. I, 1914) treating of the Magnetic and Mechanical 
Properties of Manganese Steel. We then have brought together for this 
substance, the thermal, magnetic, and mechanical properties as well as 
the resulting microstructure, for the definite heat treatments described, 
and in particular after long annealing between 500° and 700° C. 

Sir Robert Hadfield and Professor Hopkinson see in the properties 
found for manganese steel (of C = 1.25 and Mn = 12.5 per cent.) a 
demonstration of the untenableness of the allotropic theory of iron, 
whereas Professor Sauveur reaches the contrary conclusion, that some 
of the facts observed can be explained only in terms of the existence 
of beta iron in steel of this composition. 

There is another possible hypothesis: namely, that these several 
series of experiments shed no light on the subject of the allotropy of 
iron, or at least as regards the existence of beta iron. However heretical 
it may sound, I am inclined to this last belief. 

For steel with 1.25 per cent, carbon, we are in that portion of the 
Fe-C diagram, in any of its forms usually given, in which, for equilibrium 
conditions, or very slow heating and cooling, there is no beta iron possible, 
unless the improbable assumption is made that the carbon has combined 
mainly with the manganese rather than with the iron. But it is pre- 


•Sir Robert Hadfield mentions 200 as' the average baE hardness of quenched 
manganese steel. 

^In submitting quenched manganese steel to similar heat treatments, i.e., pro- 
longed heating between 600' and 600* C. foUowed by slow cooling, Sir Robert 
Hadfield increased its hardness to as much as 495. 
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cisely when the equilibrium conditions are approached in heating and 
cooling that those properties of manganese steel are found on which are 
based the arguments of Messrs. Hadfield and Hopkinson on the one 
hand and of Professor Sauveur on the other. It would appear that if 
any beta iron were to be formed in heat treating this steel, it would be 
expected to be found only after relatively rapid cooling due to the non- 
homogeneity of the mass ; but my understanding of the claims of Professor 
Sauveur is to the effect that beta iron is supposed to be liberated on long 
annealing (or tempering) between 500° and 700° C. after rapid cooling, 
but to be practically non-existent for rapid cooling and heating. 

It would appear reasonable to attribute to the 12.5 per cent, of 
manganese here present — in its relation to the iron and carbon the 
major r6le in the phenomena observed, although the effect of high 
carbon with little or no manganese in producing somewhat similar but 
less intense effects is not to be neglected, as pointed out by Messrs. 
Hadfield and Hopkinson. 

The fact that the thermal and magnetic A 123 point of this manganese 
steel is lowered from some 700° C. — evidently by the manganese to 
liquid-air temperatures, or even suppressed, for ordinary rates of cooling, 
and is recovered, as shown by Messrs. Hadfield and Hopkinson, by long 
heating between 500° and 700° to nearly the normal value for carbon 
steel, or to 674° C., would seem to indicate that it is the manganese which 
is mainly responsible, this element acting in its well-known deterrent 
capacity and perhaps otherwise also. 

It would be of interest to take (which does not seem to have been done) 
the cooling curve of this steel immediately after long annealing at 500° 
to 700° C.; the Ari 23 point should then be found as sharply marked some- 
where between 670° and ordinary temperatures as is the AC 123 point at 
674° C., found by Messrs. Hadfield and Hopkinson. That the Ari 23 
transformation must have taken place is evident, since the steel is mag- 
netic when cold after annealing at 500° to 700°; and the transforma- 
tion from the non-magnetic to the magnetic state certainly involves the 
same quantity of heat and is probably as sharply located as the reverse 
phenomenon, although perhaps not at the same temperature, as is found 
for example in some nickel-chrome steels, for which Ari 23 may be some 
400° C. below AC 123 * 

No argument is here offered for or against the allotropio theory of 
iron, but it is merely desired to point out why the existence or non-ex- 
istence of beta iron would appear to play no r61e in defining the prop- 
erties of this manganese steel, when equilibrium conditions of heating 
and cooling are approached. 

De. J. E. Stead, Middlesbrough, England (communication to the 
Secretary*). — ^In discussing the allotropic theory I think that every 
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metallurgist of repute agrees that there are two allotropic modifications 
of iron, the alpha and the gamma. The question always in doubt, and 
never fully answered by Osmond, is whether there is a third or a beta 
modification. The strong magnetic properties of hardened carbon steels 
always have been a stumbling block in the way of the beta advocates. 

I have regarded with the greatest respect the experimental work of 
Osmond and his reasoning, which always were of the highest order, but 
after all that has been said for the beta theory one could only accept 
it tentatively as a reasonable hypothesis. 

The peculiar properties of manganese steel depend on the carbon. 
Take carbon away, and, no matter what the heat treatment may be, it 
always remains magnetic. Manganese may be reduced to 2 per cent., 
but if the carbon is raised to 1.8 per cent., one obtains material which has 
some of the remarkable properties of manganese steel containing 12 per 
cent, manganese and 1.2 per cent, carbon. 

I agree with the author that the magnetic properties in steel are coin- 
cident with the presence of alpha iron. 

Austenite in cold steel has no martensite structure, but this structure, 
as the author has said, can be produced by aimealing austenite. The 
coarseness of that structure depends on the temperature and time of 
heating before quenching. It is fine if the temperature has been high and 
of short duration; coarse if the preheating has been high and prolonged. 

The structure developed by annealing austenite at about 600® C. 
is evidence of the crystalline structure of the austenite, which, being 
homogeneous, is not revealed by the ordinary etching reagents. An- 
nealed austenite and its equivalent in quenched pure carbon steel have 
the martensite structure readily revealed by etching, one part along the 
cleavages being more readily attacked than other juxtaposed portions — 
a proof to my mind of non-homogeneity, a difference from austenite in 
possibly both chemical and physical constitution. 

Very coarse martensite can readily be split along its cleavage planes, 
and in my opinion these same cleavage planes pre-existed in the metal 
when in the pure austenite state, but in that state could not be readily 
separated owing to the ductility of the whole mass. If we accept this 
basis that martensite is not homogeneous, what then is the partial change 
that occurs in austenite which is coincident with extreme hardness? 
Only one thing is certain, that one part of the martensite is magnetic, 
and therefore contains alpha iron; it may also contain, and probably 
does contain, some austenite. 

The author, while concluding that the hardness of quenched and re- 
heated manganrae steel is due to the formation of a considerable pro- 
portion of beta iron, does not, I think, bring any proof excepting that of 
extreme hardness to show that any beta iron is really present. Is it not 
possible that, if there is any truth at all in the intermolecular pressure 
VOL. L. — 33 
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theory; the expansion which occurs when a portion of the gamma iron 
changes to alpha, may be responsible for the hardness? It would, of 
course, be impossible by the microscope or any available means to dis- 
cover the alpha iron, or the intermolecular pressure, but it seems quite as 
reasonable, if not more so, to assume that the hardness is due to inter- 
stress between alpha and gamma molecules rather than to beta iron 
+ gamma iron + alpha iron. 

I quite agree with the author that all hypotheses should be regarded 
with respect, and none of them should be dismissed without most careful 
consideration. I would also point out that nobody at present has suffi- 
cient data to justify any dogmatic conclusion being formed. What we 
want is more data, more research and more experimental evidence. 
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Notes on Some Heating and Cooling Curves of Professor Carpenter’s 

Electrolytic Iron 

BT ALBERT SATJVEUH, CAMBRIDGE, MASS. 

(New York Meeting, February, 1914) 

In an important paper on The Critical Ranges of Pure Iron* presented 
at the May, 1913, meeting of the Iron and Steel Institute, Professor 
Carpenter reports and illustrates the results obtained by him in determin- 
ing the critical points of some very pure electrolytic iron sheet about 
0.01 in. thick. The iron strip was rolled into the form of a cylinder 
li in. long and ii in. wide, weighing 42 g., the thermo-couple being 
inserted in a small hole in the center. The points Ac3 and Ar3 
were readily detected, as well as the point Ar2, but the point Ac2 was 
absent from every heating curve. The author concluded from this 
occurrence that the conception of A2 as an independent allotropic change 
must be abandoned. 

At the October, 1913, meeting of the American Institute of Mining 
Engineers, Dr. G. K. Burgess and J. J. Crowe read a paper on The Critical 
Ranges A2 and A3 of Pure Iron* in which they described some extremely 
important experiments conducted by them at the Bureau of Standards, 
Washington, D. C. They tested Professor Carpenter’s electrolytic iron 
and detected a sharp and well-defined absorption of heat corresponding 
to the point Ac2. Professor Carpenter’s failure to detect this point is 
explained by them on the ground that unless the iron be in a single piece 
entirely surrounding and in contact with the thermo-couple junction, the 
thermo-couple will integrate the irregular progress of the heat through the 
sample and the curves will lose their sharpness. In discussing Messrs. 
Burgess and Crowe’s paper, Professor Carpenter accepted this explana- 
tion as probably accounting for the absence of Ac2 in his heating curves. 

Professor Carpenter had the kindness to supply me with some of his 
electrolytic iron. Heating and cooling curves of this metal were taken 
in the metallographic laboratory of Harvard University by F. C. Langen- 
berg by means of an electrically heated tube furnace and a Le Chatelier- 
Saladin self-recording thermo-electric pyrometer, as constructed by Pel- 
lin, of Paris. The electrolytic sheet was hammered tightly around the 


^Journal of the Iron and Steel Institute, vol. Ixxsviii (1913, 1), pp. 316 to 326. 
• Trans-, xlvii, 665 (1913). 
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thermo-couple, These curves are shown in Figs. 1 and 2. The sharp 
occurrence of the point Ac2 at 765° C. should be noted. 

In view of the recent and extraordinary attempt of Professor Bene- 
dicks® to account for the presence of the Ac2 point in Dr. Burgess s sam- 
ples of electrolytic iron on the ground that the latter used an alternating 
current for heating his furnace, it should be noted that a direct current 
was used in obtaining the curves reproduced here. 


COOLING 



Fig. 1. — Cooling Curve or Professor Fig. 2 — Heating Curve of Professor 
Carpenter's Electrolytic Iron. Carpenter's Electrolytic Iron. 


Scientific speculation is not only permissible, but highly commendable 
and fruitful, provided it rests on a substantial foundation of experimental 
facts. Scientific speculations, on the contrary, however brilliant as 
intellectual gymnastics, if they lack such support are merely destructive, 
and when indulged in by investigators of repute, their ill-founded views 
are likely to be accepted by others but partly informed or biased, and 
the progress of science be retarded. 

The existence of A2 in pure iron as an independent point is no longer a 
debatable question. Whether this point is or is not an allotropic point 
appears to depend upon our conception of allotropy. If it be insisted that 
an allotropic point necessarily implies a crystallographic change, or, in 
other words, that polymorphy and allotropy are synonymous, then it may 
be claimed, with reason, that A2 is not an allotropic point, since crystallo- 


3 Trans.j xlvii, 727 (1913). 
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graphic differences between beta and alpha iron have never been dis- 
covered. On the contrary, if, more rationally in my opinion, we believe 
that an abrupt heat evolution on cooling and a corresponding heat ab- 
sorption on heating, when occurring in a pure element without change of 
state, must be taken as an evidence of allotropy, then A2 must be an 
allotropic point. Are not such thermal disturbances due to spontaneous 
changes of internal energy necessarily caused by molecular changes; 
i.c., in the absence of change of state, by allotropic changes? We are 
strengthened in our belief in the allotropic character of the A2 point by 
the discontinuity in many of the physical properties of iron occurring at 
that point. It has been contended by those who doubt the allotropy of 
A2 that the absence of any expansion at the Ar2 point and of contraction 
at Ac2 argues strongly against allotropic change. Messrs. Burgess and 
Crowe, in the paper already mentioned, discuss this point as follows: 

^'Both from the work of Charpy and Grenet and of Broniewski, 
observations on the expansion of iron give no indication of the existence 
of A2. The former place the contraction observed as lying in the 
interval from 860° to 890° for iron with 0.03 carbon, while the latter finds 
it above 950° for electrolytic iron. 

^^This disagreement here is great enough to again raise the question, 
as was done by Le Chatelier in 1899, of the speed and other conditions of 
heating, and also whether the sensibility of the methods used was great 
enough to detect A2. Even its non-existence, in so far as expansion is 
concerned, would prove only that iron immediately above and below A2 
has the same coefficient of expansion, or simply that the A2 transforma- 
tion is unaccompanied by appreciable change in volume, a not un- 
reasonable possibility. The more recent experiments of Rosenhain and 
Humfrey would appear to indicate a slight volume change accompanying 
A2.^^ It should also be recalled that Osmond took exception to Messrs* 
Charpy and Grenet's conclusions drawn from their own experiments as to 
the absence of dilatation at Ar2. Osmond claimed that the curves 
obtained by Charpy and Grenet do indicate a dilatation at Ar2, the 
authors failing to notice it because the transformations not being sud- 
den, the expansion likewise is gradual, whereas they were looking for 
sudden dilatations only. 

Discussion 

H. C. H. Carpentee, London, England. — I cannot pretend to be 
entirely uninterested in this paper but as beta iron has had plenty of 
discussion lately, I will be as brief as possible. The position really is 
this — that Professor Benedicks^s theory that beta iron could be ex- 
plained as a solution of gamma iron in alpha iron has given rise to a 
number of researches, and although it appears to me now that the 
theory, at any rate in the form in which it was put forth, is untenable, 
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yet even so, I think that Professor Benedicks was quite justified in his 
original paper, because undoubtedly the researches have advanced to 
this stage. 

It is very curious that there never has been any serious disagreement 
regarding the meaning of the A1 and A3 points. And although in this 
case widely different apparatus was used, and apparatus of different 
sensitivity, there has been on the whole very good agreement with 
regard to the results; but we cannot even to-day say that that is the case 
with regard to A2. 

I desire to refer to a statement in Professor Sauveur’s paper, which 
reads as follows: 

“On the contrary, if, more rationally in my opinion, we believe that an abrupt 
heat evolution on cooling and a corresponding heat absorption on heating, when 
occurring in a pure element without change of state, must be taken as an evidence of 
allotropy, then A2 must be an allotropic point.” 

If we test the break on the curve at A2 by that rule, then we are in 
this difficulty — that Professor Burgess’s curves which were presented 
at the last meeting show, as I pointed out in the discussion, a sharp 
break at 768° on heating — that is, at exactly the same temperature as 
on cooling — but the direction of the curve indicated that there was 
either an evolution of heat at that temperature, or else the cessation of 
the absorption of heat, both of which would have the same result on the 
form of curve. Undoubtedly, on cooling at Ar2 we also have an evolution 
of heat at 768°. You cannot.show, in my opinion, that those things are, 
strictly speaking, reversible; for the whole criteria of allotropic change 
is that you have an evolution of heat on cooling, and if that is so, it must 
be an absorption of heat on heating, but, as I have just pointed out, it 
is not an absorption of heat on heating, at any one point, but an evolution 
or a loss or cessation of the absorption of heat at that point. But, as 
was agreed upon by various protagonists in the discussion at that meet- 
ing, there is undoubtedly an absorption of heat going on over a lower 
range of temperature, and in my opinion a study of the matter shows 
that fact. 

If we look at Fig. 2, we see that the curve breaks away at about 680°, 
slopes to the right, and there is that movement at the left, which, I take 
it, corresponds to the absorption of heat, which extends from 680° to 
765°, or, roughly speaking, from 80° to 90°. My own results show that 
absorption in the same way. Indeed, the contention in London at the 
May meeting was that my own curve showed what they said it did not — 
that is, an absorption of heat. 

My position is really this, I am convinced, and I owe it to this meeting 
to say so, and I owe it to the subject as well — ^I am convinced that Pro- 
fessor Burgess has made good the discontinuity in the curve and has borne 
out Professor Sperry’s results at about 768°. The interpretation of the 
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curve is not yet clear. It does not appear to be exactly the reverse of 
the curve on cooling, because it is not an absorption of heat. We 
have in that connection to remember the recent work of the Japanese 
writer Honda, in which his conclusion, quite independent of these papers, 
is that the absorption of heat in this range of temperature is connected 
with magnetic change. However that may be, I am convinced they 
place the point of discontinuity of the curve at about 768°, and future 
research must show us what is the interpretation to be given to that 
result. 

Henry M. Howe, New York, N. Y. — This beta iron Osmond used to 
call DedpiuiUj just when you thought you had found it, it was not there. 
The case is somewhat comparable to that of the planets Neptune or 
Saturn, if either of them were not visible. Suppose Neptune were in- 
visible and could not be seen, to prove its presence would be extremely 
difficult, but its presence would be susceptible of proof from the pertur- 
bation of the other planets. In the same way, this beta iron has not 
been isolated — it may not have been isolated, and it may not be possible 
to isolate it, but we accept the evidence of its presence from the pertur- 
bations which it causes in all sorts of phenomena. The two strong 
perturbations difficult to understand on any theory other than the ex- 
istence of beta iron, are the excessive hardness, and the transition form 
between gamma iron and alpha iiron. No matter how you arrive at that 
transition form, you have arrived at that transition form by cooling 
rapidly, so as to catch the metal in transit between gamma and alpha, 
and you get extreme hardness. That is the way we get our hard cutting 
tools, and we get the extreme hardness of hardened steel. If, on the other 
hand, you bring about that intermediate state of an intermediate degree 
of carburization — if you take soft nickel steel and carburize it part way 
toward the gamma state, you get it intensely hard, and if you carburize 
it further and get it over into the gamma state, it becomes soft again; 
that is to say, whatever way you bring it about, if you catch the material 
between gamma and alpha, it is much harder than either gamma or alpha, 
and it is so much harder that it is difficult to explain it. It is not im- 
possible, but it is difficult to explain it, and the explanation seems to 
be that that extra hardness is simply due to the solution of gamma in 
alpha. 

It is difficult to understand why the solution of gamma in alpha should 
be so much harder than either gamma or alpha — gamma iron itself is a 
solution of cementite in gamma iron as we know it — ^when we dissolve 
further alpha iron in that solution, according to Professor Benedicks — 
and the reason why these intermediate states are harder than gamma 
iron is that alpha iron is dissolved in what was a solution; that is to say, 
starting m with a solution of cementite in austentite, and dissolving into 
that solution alpha iron, we must, to explain that theory, dissolve alpha 
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iron in that solution and we must increase the hardness of the solution — 
I think it is easier to believe and more natural to believe, and after all 
we take theories which are easier and more natural — more harmonious 
with the general aspect of nature — it is easier to believe that that extra 
hardness is due to the presence of this perturbed condition in beta iron, 
than to suppose it is simply due to the solution of alpha iron into a 
softer material, into a solution which already existed. 

Gboege K. Bubgess, Washington, D. C. (communication to the 
Secretary*). — I am glad to see that Professor Sauveur has thought it 
worth while to examine with a recording apparatus the heating and 
cooling curves of pure iron and to note that, using a furnace supplied 
with direct current, he substantially confirms the results obtained by 
Mr. Crowe and myself using alternating current heating and also gas 
heating.* 

We have since had the pleasure of demonstrating to Professor Car- 
penter, on the occasion "of his recent visit to the Bureau of Standards, 
with a 0.4-g. sample of his electrolytic iron, the independent existence 
and location of A2 and A3 both on heating and cooling. 

It appears, therefore, to be abundantly proved to the satisfaction of all 
who have recently partaken in the experimental work on the subject, that, 
as Professor Sauveur states, “The existence of A2 in pure iron as an 
independent point is no longer a debatable question.” 

Peofessob Henbt Le Chateliee, Paris, France (communication 
to the Secretary t). — I beg to offer the following observations on the paper 
of Professor Sauveur: 

1. The suggestion of Professor Benedicks, that the electric heating 
of furnaces may play a certain part in the development of the point A2, 
deserves experimental test. It certainly does not permit an absolute 
denial of the existence of the thermal phenomenon, for this is equally 
proved in cooling, during which there is no electric current at aU. It 
is, however, perfectly logical to admit that the disappearance of energy 
due to the loss of magnetism in an electric field may liberate a certain 
quantity of heat. It would be necessary to compare the cooling of the 
same sample inclosed in a tube cooled on the outside by circulating 
water, and surrounded by a solenoid permitting or preventing, at the 
wiU of the operator, the passage of the current, which would then pro- 
duce no thermal effect upon the sample, by reason of the intervening 
envelope of water. 

2. I feel it a duty to repeat here, what I have often said already, that 
the point A2 cannot be regarded as marking anything like a change of 
allotropic state. The change at A2, which exists in all ferro-magnetic 

‘Received Mar. 23, 1914. t Received Mar. 26, 1914. 
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bodies, differs from allotropic changes in being continuous, exactly like 
the progressive change of the properties of molten sulphur. It is dem- 
onstrated in a certain way for nickel, by the measure of dilatation. 
Moreover, the change is almost rigorously reversible; there is no notable 
retardaticai in the transformation, asbending or descending, while the 
transformation A3 and all the allotropic transformations suffer retarda- 
tions which are sometimes enormous. 

Sir Robert Hadeield, London, England (communication to the Sec- 
retary*). — I have read with much interest Professor Sauveur’s paper. 
Notes on Some Heating and Cooling Curves of Professor Carpenter’s 
Electrolytic Iron, and while regretting not being able to support the con- 
clusions presented from the allotropist’s point of view, yet I trust the 
following statements may be of service in helping to elucidate the prob- 
lems referred to. The reasonable and moderate expressions of opinion 
so ably presented by Professor Sauveur show that he is willing to try 
to look fairly at both sides of this important subject. 

Although the paper is only a brief one, yet the curves shown in it are 
of considerable interest, and raise what may be termed momentous 
questions. 

Although mention is not made of the exact composition of the electro- 
lytic iron experimented upon — ^for example, was it free from hydrogen, 
as no doubt it was, and assuming that it was — ^we have then to consider 
that the material in question, representing pure iron, shows a change 
point at that part of the heating or cooling curve known as the A2 
point, which Professor Sauveur considers, as I understand, represents an 
allotropic change in the iron. 

On the other hand, Dr. G. K. Burgess and J. J. Crowe, in the last 
paragraph of their reply to the discussion on their paper. The Critical 
Ranges A2 and A3 of Pure Iron, read before this Institute in October, 
1913, state that if the A2 point could be proved to be due entirely to the 
magnetic change point, then it would appear that beta iron could not 
exist. 

If the recent work by Prof. K. Honda on Transformations of Iron 
and Steel at High Temperatures, which appeared in the Science Reports 
of the Tokyo Imperial University, is correctly understood, this very 
demonstration seems to have been achieved. Professor Honda clearly 
states in the research just mentioned that the A2 point is due to disen- 
gagement of heat associated with the magnetic change. His words are 
as follows: 

“With a refined method of measurement it was found that in iron, nickel 
and cobalt at the magnetic transformation, a distinct heat evolution took place. 
The heat evolution extended over a wide interval of temperature. With iron, 
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steel, and nickel, the transformation is accomplished with a low intensity of field in 
a small interval of temperature, the interval increasing with rising field intensity. 
The author [Professor Honda] therefore arrives at the conclusion that in pure iron 
only two states, alpha and gamma, occur. The magnetic transformation hitherto 
termed alpha to beta is not a true phase-transformation, but a change of property as 
the result of temperature. Nickel and cobalt have only a single state in the solid. 

Does not this, therefore, rather answer Professor Sauvenr’s very fair- 
minded comments, when he says: 

If it be insisted that an allotropic point necessarily implies a crystallographic 
change, or, in other words, that polymorphy and allotropy are synonymous, then 
it may be claimed, with reason, that A2 is not an allotropic point, since crystal- 
lographic differences between beta and alpha iron have never been discovered’' ? 

It is true he adds that: 

‘*On the contrary, if, more rationally in my [Professor Sauveur’s] opinion, we be- 
lieve that an abrupt heat evolution on cooling and a corresponding heat absorption on 
heating, when occurring in a pure element without change of state, must be taken as 
an evidence of allotropy, then A2 must be an allotropic point. Are not such ther- 
mal disturbances due to spontaneous changes of internal energy necessarily caused 
by molecular changes; in the absence of change of state, by allotropic changes?'' 

It seems to me that Professor Honda has answered Professor Sauveur^s 
question. Therefore, it appears to me most positively proved that the 
A2 change is not a definite evidence of an allotropic point. 

It must not be forgotten that those who have been unable to accept 
the allotropic theory have had to question and contest the following 
statement: 

conclude that hardened steel owes its properties principally to the presence 
of beta iron, which is hard and brittle by itself at the ordinary temperature." 

The above is not a statement by one of no importance. It is a clear 
and definitely presented statement by one of our greatest masters of 
metallurgy, the late M. Osmond, whom we all respected. While allo- 
tropists have made certain changes in the theoretical presentation of their 
case, yet, as it is generally understood, those representing this line of 
thought still claim the above. 

Probably some of this trouble has arisen for the reasons pointed out 
by Professors Edwards and Carpenter in their interesting paper on The 
Hardening of Metals, being read before the Iron and Steel Institute at the 
May meeting this year, namely, that '"At a later period it was con- 
sidered by Osmond, Roberts-Austen, and others who took up the views of 
the so-called allotropists, that the Ar2 point was quite distinct from the 
Ar3 point, and they came to regard the Ar2 point as corresponding to an 
allotropic inversion of the iron.” Then, as these two gentlemen point out, 
Prom that time onward, the beta theory as it is applied to the hardening 
of steels really became an entirely different theory, but unfortunately the 
same nomenclature was retained.” 
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If allotropists would only define more clearly what is really now 
meant, it would be very helpful. There are, however, many different 
points of view among the allotropists. I do not mean to say for one 
moment that the carbonists can offer a clear solution of the problem, but 
the latter seem to me to come more nearly to the facts and phenomena 
noticed in the hardening of steel. 

Incidentally, the following may be of interest: It may not now be 
remembered that it was probably owing to certain views expressed in my 
first paper on Manganese Steel, read in 1888,® that an allotropic theory 
exists to-day. In my original paper referred to, I made the following 
statement, under the section headed “Influence of Carbon upon Manga- 
nese and Iron'^ 

manganese were the sole cause of the hardness noticed, it would naturally be 
supposed that the latter would be much harder; this however is not so, and the appar- 
ent anomaly occurs that when the percentage of iron (Fe), known to be a soft metal, 
diminishes, and is replaced by the supposed Wder metal manganese (Mn), the hard- 
ness of the alloy decreases. This seems to prove that manganese must not be con- 
sidered as the sole influence or cause of hardness. Even in those specimens containing 
as high as 20 per cent. Mn, and in which further modifications may occur to complicate 
the question owing to the carbon reaching higher amounts, 1.5 to 2 per cent , the hard- 
ness IS less than that of the 4 per cent. Mn steel m its cast state. 

** That iron (Fe) itself is a soft metal is weU known, but it is worthy of consideration^ 
at any rate, whether it possesses the power of becoming intensely hard, either by some 
peculiar form of crystallization, as discussed further on, or owing to its formmg 
certain combinations or alloys. In other words, whereas the hardness of steel has 
hitherto been entirely attributed to the bodies present in much smaller proportions as 
compared with the iron, may it not be possible that the part played by iron (Fe) is 
equally, if not more, important, perhaps owing to some change of form of the iron 
itself not hitherto suspected, as in the case of the intensely hard 4 per cent, manganese- 
steel, where carbon cannot possibly be the cause, and where manganese would not 
appear to be the sole cause? . . It consequently becomes more important to 

ascertain whether the manganese itself causes the hardness in this steel, or is only a 
means whereby iron is caused to take this nature.” 

In the paper entitled Iron Alloys with Special Reference to Manganese 
Steel,® it will be noticed that I had already taken up a new modified line of 
thought as compared with that suggested in 1887-88. 

Now why was it I abandoned the theories advanced, it should be re- 
membered, so far back as 1888? My reply is that in the first place I 
found that some of the beliefs then expressed were founded on data 
which at the time appeared to be correct. I afterward found, however, 
that as regards the determination of the carbon percentages actually 
present in one or two of the specimens upon which I based certain 
conclusions, the analyst had underestimated the percentage present. 


® Proceedings of the TmtitvMon of Civil Engineers^ vol. xciii, pp. 72, 73 (1887-88). 
^ Trans*, xxiii, 148 (1893)* 
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That is to say, the carbon percentages were, by more correct modern 
analytical methods used for determining carbon in alloy steels, found to 
be considerably higher, that is relatively to the smaller amounts present, 
0.4 to 0.5 per cent., instead of about 0.3 to 0.4 per cent., as then estimated. 
The increasing and rapid influence of carbon over 0.35 per cent, is well 
known. Consequently, with corrected figures before me, some of the 
original remarks did not hold good, and the disregard of the influence of 
certain somewhat higher percentages of carbon had been too much. 

Singular to say, Sir W. C. Roberts- Austen, in contributing to the 
discussion on my paper in 1888, said ^^he thought that the author had a 
little under-rated the influence of the small amount of carbon which the 
manganese iron contained.'’ In other words, this scientist, although 
afterward a strong allotropist, mentioned the very point I and others 
have so strongly emphasized : namely, that we have arrived at the con- 
clusion that it is rather to the influence of the carbon present than to any 
allotropic change in the form of the iron present, that we must look for 
the correct explanation of the many peculiarities met with in steel and its 
alloys. As time passes, I am still more convinced of the correctness of 
our attitude. 

It should not be overlooked that your distinguished metallurgists, 
Mr. Metcalf and Professor Langley, in 1893 read a paper before the 
American Society of Civil Engineers, voL xxvii, p. 382, in which 
they gave a brief statement of the carbon theory of hardening, to which 
paper the reader is referred for fuller information. Briefly, their state- 
ment was that carbon alters the molecular aggregation, and the resulting 
strained grouping is brought about within certain temperature limits; 
also molecular stresses are set up, which produce hardness in a similar 
manner to that of cold working. 

This view has been further elaborated in a most important paper by 
A. McCance, B. Sc., A. R. S, M., entitled A Contribution to the Theory 
of Hardening, to be read before the Iron and Steel Institute at the May, 
1914, meeting. The writer considers this one of the most important 
contributions to the metallurgical world on this subject. It is therefore 
doubly of interest to find, to use the words of the late respected Mr. 
Metcalf and Professor Langley, that hardening is the result of molecular 
stresses, which produce hardness is a similar manner to that of cold work- 
ing. In this paper by Mr. McCance it is stated: 

“ Based on the experimental work of Curie, the electronic theory of magnetism was 
first put on a sound basis by Langevin, and has since owed most of its development to 
Weiss. Every atom is supposed to have a definite field of its own, caused by its 
internal system of revolving electrons, and under the action of an external field the 
molecules (or atomic aggregates) tend to set themselves all in one direction, giving 
rise to a definite intensity of magnetism which is the total effect of all the molecular 
magnets in the substance added together. In gases and liquids they are prevented 
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from all turning in the one direction by forces and collisions depending on the trans- 
lational velocity, and in solids other forces which may be called 'crystalline* forces 
come into play. Instead of preventing the molecules from turning round under the 
action of an external field, these crystalline forces may actually assist them to turn, 
and it has been conjectured that this is the special action which goes on in the so- 
called 'ferro-magnetic* bodies, which are bodies like iron that become strongly mag- 
netic under weak external fields. As on heating a liquid, when a temperature is 
reached at which the forces between the molecules become insufficient, the liquid 
becomes a vapor, the forces causing ferro-magnetism gradually become inoperative 
on heating until a temperature is reached at which they disappear rapidly and the 
body becomes non-magnetic. . . . 

"In iron, then, the property of loss of magnetism cannot be used as a proof of 
allotropy — ^it is no sudden transition, but an effect depending only on temperature. . 

"Accompanying every alteration in the magnetic intensity, there is a variation 
in the specific heat, . . . proportional to the rate of change of the square of mag- 
netic intensity at any temperature, and it has a maximum value always at a tempera- 
ture slightly below the magnetic transition temperature. . . It begins gradually 
and rises to a maximum at about 760° C. for pure iron, becoming zero as the iron 
becomes non-magnetic; and the important point is that this change in the specific 
heat cannot be distinguished in a cooling curve from a true absorption of heat due to 
an allotropic change. In the author’s opinion this confusion has actually taken 
place at the Ac2 point in iron. The variation is quite large enough to account for all 
the thermal change, and the gradual character of the Ac2 point is entirely in accordance 
with this nature. 

" . . . The temperature at which the non-magnetic condition commences has 
no connection with the true allotropic ranges, and takes place quite independently of 
them — thus pure iron becomes paramagnetic at 820° C. (Curie), which is 100° below 
the Ac3. 

"There is this great difference between a pseudo-change point caused by a sudden 
change in the specific heat and a true hberation of heat caused by allotropy. When 
the temperature is rising very slowly, the effect due to specific heat is masked in a 
differential heating curve, since the difference measured by the differential galva- 
nometer is proportional to the product of the rate of heating and the specific 
heat. With a true thermal change point, however, the amount of heat liberated is inde- 
pendent of the rate of heating. 

"The sharpness of the A2 point is much less on heating than on cooling, ... as 
the change is more gradual when approached from the low temperature side than 
from the high temperature side. 

"The failure of Carpenter to notice the Ac2 point in pure iron, must be ascribed 
to the nature of the change being as above described. . . . 

" The problem of beta iron is thus reduced to a very simple one, and without making 
any assumptions regarding the nature of alpha or gamma iron, while taken with the 
evidence produced by other experimenters, the conclusion is undeniable that beta 
iron as a separate allotropic modification has no existence, since it is merely alpha 
iron which has lost the properties of ferro-magnetism.” 

Professor Weiss believes that by the electrical disposition of what he 
theoretically terms magnetons’^ he is able to offer more satisfactory 
explanations of magnetic phenomena than by any other theories. He also 
appears to consider that the increase of magnetons, with their important 
bearing upon magnetic properties, is independent of allotropic and 
perhaps even chemical modifications, of the metal under examination. 
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I have dealt with this more fully in the joint paper by Professor Hopkin- 
son, F. R. S., and myself, to this Institute.*^ 

Carl Benedicks, Stockholm, Sweden (communication to the 
Secretary*). — I quite agree with the author in laying stress on sub- 
stantial foundation of experimental facts/^ However, I have the 
impression that this foundation is not very much consolidated by 
repeating, apparently with less accuracy, or at least with no greater 
accuracy, than by previous workers, exactly the same style of experi- 
ments — however interesting in themselves. From Professor Carpenter’s 
and from Dr. G. K. Burgess and J. J. Crowe’s important work, we know 
that occluded gases have the effect of rendering the thermal changes in the 
A2 region much more considerable than they are when the gases are 
removed. Professor Sauveur’s curves show an evolution of heat, or 
absorption, at A2, which in comparison with that at A3 is much more 
considerable than in Professor Carpenter’s or in Messrs. Burgess and 
Crowe’s curves, and we find no indications how, or even if, the gas con- 
tent, so important for the thermal irregularity at A2, was lowered. 

As for increasing the experimental foundation of our allotropy views, 
the writer considers it more appropriate to repeat earlier experiments 
with an accuracy much higher than that formerly used. This is the 
reason why the writer, likewise on iron kindly supplied by Professor 
Carpenter, lately has repeated the dilatation work of Svedelius, Le 
Chatelier, Charpy and Grenet (and Broniewski), using a compensation 
method which, owing to special arrangements, gave a sensibility about 
1,000 times greater than that used at the work of the last-named authors. 
Simultaneously, on the same material, magnetometric and magneto- 
strictional measurements were carried out. The result, which might 
interest Professor Sauveur, is that there is not the slightest trace of discon- 
tinuity at A2. If there is a discontinuity, it is quite surely less than three- 
thousandths of the discontinuity at A3. Even the continuous length 
decrease which was found to occur together with the disparition of the 
ferro-magnetism, and which is a necessary effect of magnetostriction, is a 
rather weak one. 

Until some still more fundamental work is published than J. Willard 
Gibbs’s papers on the Equilibrium of Heterogeneous Substances, we must 
consider this phase rule as a reliable standard. In order to prove that an 
allotropic point occurs at a definite temperature, according to Gibbs’s 
theory, it is a necessary condition to prove that two phases occur at that 
temperature. This is done by proving that a real discontinuity occurs in 
the properties of the substance at a definite temperature, at least in a 
single case. It is not in harmony with Gibbs, and too narrow, to select 


* Received Apr, 2, 1914. 
^ This volume p. 476. 
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as a criterion the property of crystallization, as was proposed by Messrs. 
Burgess and Crowe in their important paper. Any property is to be 
accepted as proof of allotropy point, provided it gives a clear discon- 
tinuity; that is to say, two different values of the property at one and the 
same temperature. Now, no such discontinuity, in the strict sense of 
the word, has ever been proved to occur at A2, and since the dilatation 
experiments, denoted by Messrs. Burgess and Crowe as so important as 
to have a crucial bearing, have been found not to give the slightest 
discontinuity, we may be very sure in concluding that A2 is not an 
allotropic point. 

I have some slight hope that Professor Sauveur will judge of the writer’s 
theory somewhat more favorably than as yet, after reading the paper 
which the writer has prepared for the Iron and Steel Institute’s spring 
meeting. Therein are also to be found some reliable measurements on 
ferro-magnetic mixtures (magnetite, iron, nickel) giving an experimental 
support to the writer’s attempt® to explain the fact that the disparition of 
ferro-magnetism occurs at a much lower temperature than the allotropic 
transformation point, A3. 

N. Belaiew, St. Petersburg, Russia (communication to the Secre- 
tary*). — The few remarks I have to add to the most valuable and 
instructive paper of Professor A. Sauveur are in relation to the crystalliza- 
tion phenomena in iron-carbon alloys. Let us consider the so-called 
Widmanstattian structure with its characteristic sharp, straight lines; 
the first look at such a specimen leads us to the idea that a sudden pre- 
cipitation of a proeutectoid element (ferrite or cementite) took place; 
but if the crystallization occurred suddenly the allotropic change must 
also be a sudden one and not a gradual one, covering a wide range of 
temperature, as Professor Benedicks argued. 

On the other hand, the same crystallization phenomena show me 
only two distinct crystallographic bodies — ^the gamma iron and the 
alpha iron. The first (Fey) is related to the structure of austenite — 
the “granula” or austenite grains; the second, with the pearlite grains. 
The network of the proeutectoid element shows us the first; the pearlite 
lamellae, the second. 

To express myself quite clearly, I say that only between gamma 
and alpha iron is there a sharp crystallographic difference to be 
detected; in other words, gamma and alpha iron are pol 3 nmorphous 
bodies. But in my opinion different allotropic modifications do not 
necessarily imply a crystallographic change. From this point of view, 
not the crystallography of the studied modifications, but the change of 
internal energy, must be considered as the strongest proof of allotropy. 


* Received Apr. 11, 1914. 

Journal of the Iron and Steel Institute, vol. Ixxxvii (1913, 1), p. 334. 
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As to this change, it is made clear principally by the heat evolution or 
absorption and we have to study these on our cooling curves. 

The author’s researches, as well as those of Dr. G. K. Burgess and 
J. J. Crowe, show us quite unmistakably that in pure iron A2 exists, 
always as an independent point. 

This conclusion is very important and the reported curves are highly 
instructive, and I hope that everybody “before abandoning Osmond’s 
theory, so satisfying because so simple and rational,” will seriously and 
attentively study the paper of Professor Sauveur. 

Axbeet Sauveue (communication to the Secretary*). — I am ap- 
preciative of the interesting and important discussion of my paper 
contributed by so many distinguished authorities. It is a great pleas- 
ure to find myself in substantial agreement with Professors Carpenter 
and Howe, with Captain Belaiew and Dr. Burgess. Professor Carpenter, 
however, is not yet convinced that the A2 point marks a reversible trans- 
formation, and, on that ground, he would question its allotropic char- 
acter. I find it difficult to follow his contention that the thermal disturb- 
ances at A2 indicate an evolution of heat, both on heating and cooling. 
This seems quite inconceivable to me, for, thermodynamically speaking, 
such a phenomenon would be in the nature of perpetual motion. 

Certainly Professor Howe’s statement that it is easier and more natural 
to believe that the extreme hardness produced by preventing the complete 
transformation of iron-carbon alloys is due to the retention of a transition 
form of iron between the gamma and the alpha state rather than to 
ascribe it to a solution of alpha iron in gamma iron, or rather in austenite 
(itself a solution of the carbide FeaC in iron), cannot be disputed. We 
should resist unnecessary complications in scientific theories. As Profes- 
sor Howe well puts it, the theories which should most appeal to us are 
those which are more “harmonious with the general aspect of nature.” 

Professor Benedicks contends that the cooling curves of Professor 
Carpenter’s electrolytic iron, reproduced in my paper, add no informa- 
tion of value to the present controversy, because they were determined 
with less accuracy, or, at least, with no greater accuracy, than similar curves 
taken by Dr. Burgess. While I am quite willing to grant his claim, I 
had hoped that, in view of the fact that a direct current was used for heat- 
ing the iron, my curves would have been considered as having some 
significance, owing to Professor Benedicks’s claim that in Burgess’s ex- 
periments the occurrence of the A2 point might have been caused by his 
having used an alternating current. I might also add that m my experi- 
ment the iron was repeatedly heated previous to the taking of the 
thermal curves for the purpose of expelling the occluded gases. 

Professor Benedicks’s statement that he was unable to detect the 


Received Apr. 13, 1914, 
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slightest trace of dilatation at Ar2 in Professor Carpenter’s iron, even 
when using a method of extreme accuracy, is very important and will 
undoubtedly receive the attention it deserves. But does it prove the 
non-allotropic character of A2? While dilatation taking place abruptly 
during the cooling of an element may prove the existence of allotropy, 
does the absence of such dilatation prove its non-existence? An allo- 
tropic transformation does not, I believe, imply discontinuity in all of 
,the properties of an element. If discontinuity is detected in some of 
its properties, is it not sufficient to prove its allotropy? Of course 
Professor Benedicks claims that “no such discontinuity, in the strict sense 
of the word, has ever been found to occur at A2,” and, on that basis, he 
rejects the allotropic theory of the A2 point. Many investigators believe, 
however, that discontinuity in several of the properties of iron has been 
shown to occur at A2. 

The absence of dilatation at Ar2, which Professor Benedicks uses as 
a weapon with which to deal a blow, which he considers final, to beta 
iron, might easily be turned against his own theory with apparently 
telling effect. The reasoning is as follows; (1) the point A3 marks an 
allotropic transformation; (2) the Ars transformation is accompanied 
by a marked dilatation; (3) Professor Benedicks believes that the A2 
point is part of the A3 transformation; (4) the Arj point should therefore 
be accompanied by dilatation; (5) Professor Benedicks finds complete 
absence of dilatation at the Ar 2 point; (6) ergo, the A2 point cannot be 
part of the A3 transformation. 

Professor Le Chatelier doubts the allotropic character of the A2 point 
for three reasons: (1) because a similar point is detected in all ferro- 
magnetic bodies; (2) because the A2 transformation is continuous; and 
(3) because the A2 transformation is “almost rigorously reversible.” 
Taking these objections in order; 

(1) The fact that the thermal point exists in all ferro-magnetic bodies, 
corresponding to the final disappearance of magnetism on heating, does 
not in my opinion argue against its allotropic character. It indicates a 
body capable of existing under two sharply distinct conditions, i.e., a 
magnetic and a non-magnetic one, and implies the existence of a dividing 
line between the two. Is that not allotropic? Or will it be contended 
that the magnetic and non-magnetic conditions of an element represent 
one and the same allotropic condition? It is evident, as I have so often 
said, that the point in dispute must be settled one way or the other accord- 
ing to our definition of allotropy, and as to this, unfortunately, scientists 
entertain widely different views. 

(2) Does the fact that the A2 transformation is continuous bar it 
from the allotropic class? To begin with, is it not somewhat misleading 
to describe it as a continuous transformation and nothing more, seeing 
that the end-point of that transformation is so intense and of such magni- 

TOL. L. — 34 
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tilde as to produce a distinct and spontaneous evolution of heat, indicative 
of a notable change of internal energy? 

(3) As Professor Le Chatelier states, and as so conclusively shown by 
Burgess and Crowe, the A2 transformation appears to be rigorously 
reversible; that is, the Ar2 and Ac2 changes occur at exactly the same 
temperature. There is here a complete absence of hysteresis, whereas 
the A3 transformation and allotropic transformations in general, so far 
as they have been studied, always exhibit a temperature gap between 
the two opposite phases. In my opinion, however, this absence of hys- 
teresis can hardly be considered as a proof of the non-all otropic nature of 
the A2 point. In elements, and in many other substances, the passage 
from the liquid to the solid state and the reverse change (solid to liquid) 
generally occur at exactly the same temperature, and may not these 
changes of state be considered as major cases of allotropy? Until we 
have a more intimate knowledge of the nature of the forces at work 
producing hysteresis, we can hardly claim that when those forces are 
absent or only feebly active there can be no allotropic transformation. 

Replying to Sir Robert Hadfield’s valuable criticism of my paper, 
I should say that the electrolytic iron used in my experiments was kindly 
supplied to me by Professor Carpenter and that it was similar to the iron 
used by himself in his investigation described in his paper on The Critical 
Ranges of Pure Iron with Special References to the A2 Inversions.^ 

The iron was repeatedly heated and cooled before taking the critical 
curves and, in my opinion, must have been practically free from hydrogen. 

Referring to Sir Robert’s quotation of a statement of Burgess and 
Crowe to the effect that “ if the A2 point could be proved to be due entirely 
to the magnetic change, then it would appear that beta iron could not 
exist,”" it should be borne in mind that this conclusion of the authors is 
warranted only by their definition of allotropy, which they advanced in a 
tentative way as “an allotropic transformation is one accompanied by 
crystallographic change,” a view which is by no means generally held by 
scientists, as will be apparent from Professor Howe’s and Captain Belaiew’ a 
contributions to the present discussion. 

Granting the accuracy of Professor Honda’s work and conclusions, the 
allotropic or non-allotropic character of the A2 point still remains a ques- 
tion of definition. Professor Honda recognizes the existence of iron under 
three conditions, i.e- (1) gamma iron, non-magnetic and stable above 
the A3 point; (2) alpha iron, magnetic and stable below the A2 point; 
(3) non-magnetic alpha iron, stable between the A3 and the A2 points; 
and why should we cease to call this last variety beta iron? In which 
way has Professor Honda demonstrated the non-existence of beta iron? 

Osmond’s statement quoted by Sir Robert and reading as follows, 


^Journal of the Iron and Steel Imiituie, vol. Ixxxvii (1913, 1), pp. 315 to 326. 
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“I conclude that hardened steel owes its properties principally to the 
presence of beta iron, which is hard and brittle at the ordinary tempera- 
ture,” still stands. 

Sir Robert alludes to two extremely important papers recently pre- 
sented before the Iron and Steel Institute in London, one of them by 
Professors Edwards and Carpenter, and the other by Mr. McCance. 
These contributions are the most important ones that have been offered 
for many years and I hope to discuss them at some length. It will suffice 
for the present to call attention to the fact that these two splendid argu- 
ments do not upset the allotropic theory of the hardening of steel. On 
the contrary, as I have said, they reinforce that theory. The basic claim 
of the allotropic theory is the existence of a condition between the gamma 
state and the alpha state and which when retained in the cold imparts 
great hardness to the steel. In the two papers referred to it is made 
evident that such a condition must exist and must be retained in order to 
explain the hardening of steel. It matters not, so far as the allotropic 
theory is concerned, what that condition really is; for convenience, it is 
called beta iron. The fact that it may be, according to Mr. McCance, 
alpha iron which has lost its ferro-magnetism, or interstrain alpha iron, 
or, according to Edwards and Carpenter, amorphous alpha iron, does 
not by any means eliminate the allotropic theory. It merely gives us 
more insight in regard to the possible nature of beta iron. It adds to 
our knowledge of beta iron and, therefore, rather strengthens its existence. 

Captain Belaiew’s very clear statement in regard to his conception 
of allotropy is very satisfactory indeed. It appears to me a more rational 
one than the view which considers a crystallographic change as a criterion 
by which to judge allotropy. 
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Notes on the Plastic Deformation of Steel During Overstrain* 

BY HENBY M. HOWE AND ARTHUB G. LEVY, NEW YORK, N. Y. 

(New York Meeting, February, 1914^ 

§1. Four aspects op flow in the plastic deformation of steel by over- 
strain, such as punching, wire-drawing, tensile rupture, etc., are: 

(1) The inter-granular j the relative movements of the several grains, 

each as a whole; 

(2) the intra-granular, the relative movements of the masses of ferrite 

or cementite and pearlite within those grains; 

(3) the intra-pearlitiCf i.e., the relative movements of the pearlitic ferrite 

and cementite; and . 

(4) the crystal unit slipping, i.e., the travel of the minute units past each 

other, along the slipping planes, giving rise to the slip bands of 
Ewing and Rosenhain. 

It may be objected justly that (2), (3), and (4) are in a sense 'Mntra- 
granular,” and that (4) is in a sense ‘‘intra-pearlitic.^' Hence clearness 
may be gained at times by calling these ^'Movements of the 2d, 3d, and 
4th orders^’ respectively. 

Tresca, and more lately Ewing, Heyn, Humfrey, Rosenhain,^ and 
Stead have thrown great light on the mechanism of flow. We have 
sought chiefly to add to their discoveries by observing the intra-pearlitic 


* A contribution from the Metallurgical Laboratories of Columbia University 
Received Jan. 20, 1914. 

^ Tresca: Proceedings of the Institution of Mechanical Engineers (London), 1876 
and 1878. Cf. Unwm: Testing of Materials of Construction, 1910, p. 40. 

Ewing: Journal of the Institute of Metals, 1912, No. 2, vol. 8, p. 4. 

Ewing and Rosenhain: Philosophical Transactions of the Royal Society (London), 
A, 1900, p. 353. 

Heyn, Martens-Heyn: Materialenhunde, II A, 1912, pp, 219, 269 et al, 

Humfrey: Philosophical Transactions of the Royal Society (London), A, 1902, 
vol. 200, p. 225. Iron and Steel Institute, Carnegie Scholarship Memoirs, 1913, vol. 
5, p. 86. 

Rosenhain: Journal of the Iron and Steel Institute, 1904, No. 2, vol. 65, p. 335. 
Idem, 1906, No. 2, vol. 70, p. 189. Engineering, 1908, vol. 86^ p. 340. 

Rosenhain and Humfrey: Journal of the Iron and Steel Institute, 1913, No. 1, vol. 
87, p. 219. 

Rosenhain and Ewen: Journal of the Institute of Metals, 1912, No. 2, vol. 8, p 149, 
and 1913, No. 2, vol. 10, p. 119. 

See also Longmuir: Journal of the Iron and Steel Institute, 1913, No. 1, vol 87, p. 
219. 
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movement of the 3d order, and the movements of the 2d order in the very 
violent throes of punching. 

We have examined microscopically longitudinal sections through the 
fractures of tensile test bars of steel of 0.21, 0.40, and 1.45 per cent, of 
carbon, Nos. 2, 3, and 7 of Table I, p. 546, the longitudinal section of a 
wire-rod of bridge-cable steel, which has been drawn part way through a 
die in the first draft of wire making, No, 5; and vertical sections through 
holes punched sometimes through, sometimes part way through, tank- 
plate steel, and steel of 0.40 and of 0.78 carbon, in some cases with the 
usual tight-fitting die, and in others with a die much wider than the punch 
itself, Nos. 4 and 6, or in short with both cylindrical and conical punching. 
We have examined also the deformation in the previously polished upper 
surface of the tank plate, caused by both cylindrical and conical punch- 
ing, Figs. 9, 10, and 11. The tensile properties of the tensile test bars are 
given in Table I, and certain details of the punching are given in Table 
II, p. 546, including thedinear and cubic shortage of the punched wad, etc. 

§2. The inter-granular movements are readily seen on a previously 
polished surface soon after overstrain starts in. Galy-Ach6^ points out 
that, with the passing of the yield point, comes the development of grains 
like those developed by etching. The uplift of these grains®^ on punching 
is seen clearly in Figs. 9, 10, and 11 of Plate 2. The displacements are 
greater in cylindrical, Fig. 10, than in conical punching, Fig. 9, which 
might well be foreseen; but there is a further and unexpected difference, 
that the matted area throughout which these inter-granular movements 
occur is wider in conical than in cylindrical punching. This probably 
represents the greater bending down of both upper and lower surface in 
conical punching. , Further observations are needed to confirm this. 
Fig. 11 shows on a large scale one corner of such an uplifted grain. 

§3. The relative movements op the pearlite and the pro-eutec- 
TOiD FERRITE, in the punching of a J-in. plate of steel of 0.40 carbon with a 
i-in. punch, can be traced in Figs. 3, 4, 6, and 8 of Plate 1. Figs. 4, 6, 
and 8 represent the use of the customary tight-fitting die, or cylindrical^^ 
punching, and Fig. 3 represents the use of a wider f-in. die, or ‘^conical” 
punching. 

In each case the punched hole is of two parts, the parallel sided and 
the diverging sided, or the polished cylinder^’ and the matte “bell,” 
Fig. 5, but there is this striking difference, that with the narrow die the 
divergence begins very near the exit end of the ho-le, whereas with the 
wide die it begins about one-third way down from the entrance end. 

There is the further difference that, with the narrow die, Fig. 4, the 

^Galy-Ach^, Rev. MMlurgie, Memoires, 1913, vol. 10, p. 588. 

We may surmise that the units which act as grains in this uplift represent what 
were the austenite grains before austenite-pearlite transformation took place. The 
massing of the ferrite would be greatest in the boimdaries of these grains, and hence 
these boimdaries would be the planes of least resistance. 
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elongation of the individual ferrite and pearlite masses into hairs or threads 
is more marked, but that the deformation has been confined to a narrower 
ring, than with the wide die, this latter difference reflecting the wider 
matting of the polished upper surface with the wide die. Thus with 
the narrow die the plate as a whole is less bent, but the pearlite and ferrite 
masses are more sharply bent, than with the wide die. Fig. 3 of course 
has no part comparable with the lower part of the edges of the hole in 
Fig. 4, in which the drawing out of the hairs has been extreme, for in 
Fig. 3 this part of the plate has been torn out in punching, and forms part 
of the wad. 

Figs. 6 and 8, showing on a smaller scale the remaining region of cohe- 
sion and contact between wad and plate at stages during the progress of 
cylindrical pun-J.*ng. when taken in connection with Fig. 5, give some 
conception of the mechanism by means of which continuity is retained 
till the punch has moved nearly fully through the plate. This mode of 
flow seems like that of Tresca, a drawing out of the individual ferrite 
and pearlite masses into long hairs, but without implying great slipping 
of these masses as such, i.e., without implying that the part of the pearlite 
hair with which a given part of a given ferrite hair is in contact at the end 
of the punching is a different part from that with which it was in contact 
initially. There has of course been such slipping in the movements of 
the fourth order, such exchange of partners, between the crystalline units 
of which the ferrite and pearlite masses respectively are composed, and 
no doubt a corresponding exchange on this same ultra-microscopic scale 
between the adjoining surfaces of ferrite and of pearlite. 

This is especially true of the surfaces of contact between ferrite and 
pearlite in those regions in which the degree of elongation decreases 
rapidly as we pass radially away from the imaginary prolongation of the 
cylindrical surface of the punch, yet perhaps not more true of those con- 
tacts themselves than of every neighboring imaginary plane parallel to 
them. Where the degree of elongation or travel thus varies radially to 
the pimehed cylinder, so that one infinitely thin walled cylinder lengthens 
more than that adjoining it, there is an infinitesimal slip of one past the 
other; and when for infinitely thin walled cylinders those of crystal-unit 
thickness are exchanged, there comes a like slipping measurable in crystal- 
unit thicknesses. 

But though in this sense the actual slip of any one surface is probably 
very slight, yet the integration of the very many slips at the very great 
number of surfaces leads to a great total of slip and of slipping friction. 

Moreover, this drawing out of a ferrite grain into a ferrite hair means 
an enormous increase in the ferrite surfaces, and hence an enormous 
degree of emergence of ferrite crystal units, which initially were in con- 
tact with ferrite on all six faces within a given ferrite grain, to the surface 
of that grain where one of the faces of each unit is in contact with pearlite. 
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In short, one face of each unit which has thus moved to the surface of a 
ferrite hair has, in that motion, exchanged contact with a ferrite particle 
for contact with pearlite, and yet has preserved continuity, hypothet- 
ically through the interposition of Beilby's fluid state. 

§4. Tentative explanation of the movements in punching. Our 
inquiries were not directed specially to the flow which occurs during punch- 



ing, nor have we gone far enough to form firm convictions about them, 
but it seems well to record tentative inferences on this subject drawn 
from some rather striking phenomena. 

The complete preservation of continuity, so beautifully shown by 
Tresca in the punching of ductile metals, is lacking in punching our 



Fig. 2.— Probable Course op Flow in Conical Punching. 


0.40 carbon steel. There has, indeed, been great drawing out of the fer- 
rite and pearlite, especially with the narrow die, into the long hairs, alter- 
nately black and white, from a to d in Fig. 4. But the distortion has 
exceeded the ductility of the metal, and started cracks, which in some 
cases are only abortive, as at b in Fig. 4, where a bell like that at a has 
started, with the tearing out of a triangle now seen in black. From the 
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lower right-hand corner of this bell a crack runs out into the solid metal. 
Another abortive crack is seen about | in. above the top of the wad in 
Fig. 8. In Fig, 5, A, two thin nearly vertical cracks are seen, following the 
slight taper of the wad itself, back into the solid metal. As seen on a 
larger scale in Fig. 6, one of these cracks looks as if it were about to be 
modified by the further movement of the wad. In Fig. 8 there is an 
obtuse-angled incision into the wad, about | in. below the lower edge of 
the plate, on this scale. This incision may have been formed from such 
a crack as is shown in Fig. 6, by the continuing moving down of the wad, 
the acute angle which this crack turns toward the wad gradually opening 
out into the obtuse angle of Fig. 8. 

A tentative explanation of the various facts is sketched in Figs. 1 and 
2, representing stages in cylindrical and conical punching respectively. 
If the metal were a perfectly mobile liquid, then the pressure would be the 
same in every direction and at all points. And though, because of vis- 
cosity, the pressure decreases both as the distance increases from the 
corners of punch ss and of die tt, Fig. 1, and as the direction deviates 
from that of the punching, there is yet very appreciable pressure in all 
directions. 

Thus, it is to the upward component, v, stage 1, of that pressure, that 
we may refer the forcing up of certain grains at the surface, shown in Figs. 
9, 10, and 11, and the matting of its initial high polish. Again, it is to 
the centripetal component, u and u', stages 2 and 3, of that pressure that 
we refer the high polish or schlickensides in the cylindrical part of the 
hole, both with cylindrical and with conical punching (Fig. 5, Plate 1). 
That polish indicates that, while the punch was moving down, the metal 
of the plate was forced strongly against it, as at u and u'. 

In strong contrast with this polish is the matte surface of the bell, 
agreeing with our inference that the bell results from a crack starting at 
or near the corners U of the die. 

Cracks tend most strongly to start where the deformation is greatest, 
at the corners ss of the punch and at or near the corners tt of the die, and 
once started tend to be extended by the downward movement of the 
wad. But the conditions tend more strongly to this extending at tt 
than at ss, and in conical than in cylindrical punching, as we will now 
explain. 

As regards starting a crack, the conditions at t and s seem to be much 
alike, in one case the pressing of a sharp edge into the metal and in the 
other the pressing of the metal against a sharp edge, with the difference 
that the concentration of pressure is greater at s than at as is readily 
seen if we imagine a plate 1 ft. thick punched with a punch only J in. 
in diameter. This difference represents the centrifugal movement of 
part of the metal which lay initially in the path of the punch, i.e. its 
radial movement, resulting in bulging the plate somewhat in the neigh- 
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borhood of the hole, so that the volume of the wad is less than that of 
the hole. 

As between conical and cylindrical punching there is the difference that 
the pressure on the die corners is weaker in the former at t'f than in the 
latter at ttj both because in the former the pressure is spread out over a 
longer circumference, and because in the former the tendency to flexure 
is less at the die corner t\ than at a point nearer the axis of the punch. 
This latter difference is readily seen if we imagine a J-in, punch driven 
into a J-in plate resting on a 3-in. die. Indeed the shoe-heel .or burr, 
which projects down below the edge of the bell at the bottom of Tig. 2, 
suggests that here the crack started, not exactly at the edge of the die, 
but a little nearer the axis of the punch, either because of a local weakness, 
or because of the stronger bending moment there, or for both reasons. 
The direct measurements in Table II show that the final clearance be- 
tween the die and the edge of the wad is about 0.05 in. At the time of 
the starting of the crack it was probably less, because the wad has prob- 
ably narrowed as it bulged down in the further downward movement. 

Apart from this, there is the difference beween top and bottom, that 
the propagation of the crack started at s is opposed by the strong radial 
pressure w and u in stage 2, and in the stages immediately following the 
starting of the crack, an opposition which has no full equivalent at t 

It is to this strong centripetal pressure that we refer the arresting of 
the cracks as at h in Fig. 4, and in Fig. 8. One or more whole rings 
corresponding to these excisions are often seen in the polished cylindrical 
part of a punched hole. Here cracks, like that at s in stage 1, have started 
at various stages during the down-travel of the punch, each starting at 
the point where the sharp corner of the punch then lay. But their 
propagation has been arrested thus, and a little ring of triangular 
cross section has been torn out. 

Now comparing conical with cylindrical punching, there is the differ- 
ence that in the latter the strong pressure x, stage 1, opposing the propa- 
gation of the crack by holding together the metal transversely to the path 
of the crack, has no full equivalent at i', stage 5. This pressure x oh 
the shoulder of the crack tends to bend that shoulder down, through a 
progressive change from the initially parallel sided crack, to angles less 
and less acute as in stage 3, and later even obtuse as in stage 4. Of these 
stages the parallel sided initial crack is seen in Fig. 5, A, Plate 1; stage 2 is 
seen in Fig. 5, B; and stage 4 in the wad of Fig. 8, about | in. below the 
bottom of the plate. 

A ,stage beween 3 and the obtuse-angled stage 4 is seen at the lower 
edge of the plate in Fig. 8, on careful observation. Note that the edge 
mn of the upper part of the projecting wad, though parallel to the edge of 
the punched hole, is about | in. at its left- If the punch were now to move 
farther down, the edge of the hole would not be at n but at g. Hence the 
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re-entering right angle mnq should be interpreted as simply a stage 
between stages 3 and 4, in which the gradually opening crack happens to 
have been caught while at a right angle. 

Because the vertical component of the pressure transverse to the crack 
is so much feebler at t' in conical punching than at t in cylindrical punch- 
ing, the crack at t' is able to extend; and it thus creeps upward till it 
reaches a region in which that transverse pressure is strong enough to 
arrest it, for instance tUl stage 6. As the pimch moves lower and lower, 
and the thickness of metal still resisting its further motion decreases, the 
pressure due to that resistance decreases simultaneously, and with it the 
component of that pressure transverse to the path of the crack, and with 
that also decreases the resistance to the further propagation of the crack, 
which thus continues creeping upward till, as in stage 7, it reaches the 
cylindrical hole already formed. Hence the fact that the wad is conical 
throi^hout, lacking wholly any cylindrical part representing the cylin- 
drical part of the hole. 

But even in cylindrical punching there may be a short conical or 
'bell part at the very bottom. The genesis of this is suggested in stage 4. 
At a stage intermediate between 3 and 4 the solid metal of the plate is 
once again pressed against the sharp corner of the die, and this starts a 
new crack quite as the first crack in stage 1 started. But by this time 
there is so little remaining thickness of metal resisting the punch, and the 
pressure which its resistance sets up is therefore so slight, that the com- 
ponent of that pressure transverse to the crack is no longer strong enough 
to arrest its propagation, and hence it creeps upward till it reaches the 
down-growing cylinder. 

This intersection releases the last of the resistance to the forward 
movement of the punch, save the slight frictional resistance against the 
already cut sides of the hole, and hence releases the pressure within the 
metal of the plate, and hence the pressure on the top of the little bell r of 
stage 4, leaving it sharp and straight edged as at a in Fig. 4. 

This individual bell a of Fig. 4 has thus cut through. But had it 
started somewhat earlier, while there was still enough pressure to force 
its upper wall down, that down-forcing might well carry that upper wall 
down past the corner of the die, giving rise to a thin plate-bottom burr, 
such as usually forms in cylindrical punching. A preliminary examina- 
tion of these cylindrically punched holes indicates that part of the cir- 
cumference of the lower edge of the hole may have such a bell, and the 
rest of it such a burr; but that burr and bell do not occur in the same 
place. Indeed, if we have sketched their genesis aright, they are mutually 
exclusive. 

The intersection of the bell-shaped crack with the cylindrical -hole 
might conceivably occur at the very corner of the punch, but it might 
also occur somewhat above that corner, as was the case in our conical 
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punchings, leaving the wad-top burr y of stage 7. In cylindrical punch- 
ing a like but smaller wad-top burr forms in like manner. 

The bending down of the waU of the crack in conical punching, because 
of the continuing vertical pressure on its shoulder after it has already 
opened, is indicated in Fig. 3. Note that the wall of the bell is not 
straight. At the bottom it is nearly vertical, but inclines more and more 
strongly to the right as we pass up toward the cylindrical part. 

The reason why conical punching weakens a plate less than cylindrical 
punching,® in cases in which both are unpalliated by either reaming or 
annealing, is probably that it thus favors the propagation of the crack 
which starts at or near the corner of the die. At any given instant it is 
only the metal not yet cracked through that still opposes the downward 
movement of the punch. Hence the early and rapid propagation of the 
crack in conical punching reduces early and quickly the resistance to the 
entry of the punch. Moreover, the less resistance means less pressure 
within the plate, less friction between those parts of the plate already 
perforated and the punch which is moving through them, and less fric- 
tion between the particles of ferrite and of pearlite which are dragged past 
each other from their initial equiaxed shape to the long zebra markings 
of Fig. 4. 

In like manner the smaller pressure in conical punching, and the con- 
sequent smaller overstrain of the metal, might confine the damage to 
the metal in conical punching to a narrower ring. 

These considerations furnish the explanation of the striking fact 
that though, with the narrow die, the distortion, as indicated by the 
length of the zebra markings, increases from top to bottom of the hole, 
with the wide die it decreases from the top of the bell down. Indeed 
at the lower end of the bell the arrangement of the ferrite and pearlite 
does not clearly disclose any distortion at all, and we need the presence 
of the heel-shaped burr at the bottom of the bell to assure us that there 
really has been material distortion. 

Again, the decrease in the amount of deformation of the 2d order 
from top to bottom of the conical bell agrees with the conception that 
the crack which forms that bell starts at or near the edge of the die 
and creeps up, instead of starting at the edge of the punch and creeping 
down, because this deformation would naturally cease, or diminish very 
greatly, in any given region, at the moment when the crack extended 
beyond that region. 

A comparison of these figures 3 and 4 shows us how much less reaming 
is needed to remove the distorted metal after conical than after cylin- 
drical punching. If, for simplicity, the ratio of the diameter of reamer to 
punch is the same in both cases, then with the wide die the punch itself, in 


' Howe: The MMlurgy of Steel, Table 122, p. 229. 
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tearing out the bell, removes most of the metal which must needs be 
reamed out if a narrow die is used. 

An even closer measure of the extent of the deformed and embrittled 
region could probably be had by examining the difference of potential, 
on a surface cut tangentially to the punched hole, the cutting plane being 
parallel to the axis of the punch. 

§5. The relative movements of the ferrite and pearlite masses 
IN tensile rupture. Figs. 12 to 17, Plate 2, show the inequiaxing of 
these masses brought about in tearing a test piece in two in the common 
tensile test, both at the very edge of the fracture, and at a distance of 
^ in. from it. The micrographs are of course longitudinal sections. In 
Figs. 13, 15, and 17 the rough edge, with a wide plain black area below, 
is the fracture itself. Steels^ of 0.21, 0.40, and 1.45 per cent, of carbon are 
represented. To Rosenhain’s admirable exposition we have but a few 
points to add. 

How closely the deformation is confined to the necking area in the 
case of low-carbon steels is seen on comparing Figs. 12 and 13 with Figs. 
14 and 15, for whereas the inequiaxing, or drawing out of the ferrite and 
pearlite masses, at the edge of the fracture, is naturally much greater in 
the 0.21 than in the 0.40 carbon steel, yet at a distance of | in. from the 
fracture the 0-40 carbon steel is rather more inequiaxed than the 0.21. 
Indeed one would hesitate to aiOBirm that any inequiaxing of the latter is 
shown here. On the delenda est Carthago’^ principle we point out that 
the elongation in the inch within which rupture occurs represents the 
capacity of the metal to undergo deformation without rupture, i.e., its 
fitness for hyper-elastic uses, the equivalent of the contraction of area but 
more closely measurable; and that the elongation in the remainder of 
the test piece, excluding this inch, represents the ability to endure defor- 
mation without losing elastic strength, and hence the ductility available 
for hypo-elastic uses, including the great majority of engineering services. 

Though such a steel, in this special structural state, i. e., after such 
heat treatment as this has received, has only about 29 per cent, elongation 
in 4 in. in the common tensile test, the elongation of the individual ferrite 
and pearlite masses shown in Fig. 13 is several hundred per cent. A 
comparison of these masses with the long ferrite and pearlite hairs of Fig. 
4 shows how the degree of deformation endured without rupture is 
increased by pressing the deforming masses firmly together. In this 
pimching the elongation of the ferrite grains is not in the hundreds but 
in the thousands of per cents. Figs. 5, 6, and 8 of Plate 1 indicate that 
even the upper part of the wad does not actually break away from the 


* These are the same steels which have served for many of our previously published 
experiments. The tensile test pieces were in each case in. in diameter, with a 

measured length of 4 in. 
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sides of the hole till it has traveled far down that hole; that continuity 
persists thus through enormous local deformation. 

This persistence is evidently due to the pressure with which each 
particle is held radially against its neighbor, contrasting strongly with the 
conditions in tensile testing, in which the withdrawal of each particle 
from its neighbor is not resisted externally in any comparable degree. 

The slightness of the ductility of the steel of the 1.45 carbon, when 
its pro-eutectoid cementite has thus harmfully been assembled into a 
network, is reflected by the almost complete lack of inequiaxing in this 
network, even at the very edge of the fracture. 

Fig. 16 illustrates the grave damage done by graphitizing the pro- 
eutectoid cementite, when this has been drawn out into long ghosts by 
rolling. The little equiaxed craters scattered through this field are the 
common ferrite-edged graphite masses resulting from the graphitization 
of cementite. The long white streak is, in like manner, ferrite which has 
resulted from this graphitization of a cementite ghost, and the black band 
with the white edges is a graphite mass, which is in effect a very formid- 
able internal crack. 

It is indeed striking that these cementite ghosts should be present in 
spite of the abundant opportunity for the diffusion of the carbon, for 
since this steel was rolled it has had two long sojourns well above the 
transformation range, one of an hour at 1,100®, and another of an hour at 
1,000°. 

§6. The shattering of coalesced cementite during plastic deforma- 
tion is shown in Figs. 18 and 19. The long Saghalien-shaped vertical 
island of cementite, which is now shattered transversely into five frag- 
ments, was evidently a cementite reef formed by pearlite divorce. Its 
smooth upper surface distinguishes it clearly from the etch-figured sea of 
ferrite which bathes it. Whether or not aU the crevices between its 
sharp fragments have been completely closed and welded by the inflow 
of ferrite or not, it is clear that, at the moment when any one of these 
transverse ruptures occurred, a minute crack must have formed. The 
ferrite evidently has a better chance to fill and heal these gashes, to 
weld across them, and to form strong adhesion with the cementite, under 
the slow deformation of the tensile test than in the sudden deformation 
of the notched bar impact test, for time certainly ought to favor these 
healing processes. Here, then, we have the justification of the assertion 
that the specific kind of brittleness, caused by the divorcing annealing 
of this low-carbon steel, is disclosed by the impact test more clearly than 
by the tensile test.® 

§7. Intra-pbarlitic deformation. This deformation may be recog- 


* Howe: Trans , xivii, 606 (1913); The Authors: Transactions of the Cleveland In- 
slitWtion of Engineers, to appear. 



542 


PLASTIC DEFORMATION OF STEEL DURING OVERSTRAIN 


nized best by proceeding at once to the extreme case of punching, illus- 
trated by Figs. 21 and 22, in each of which the direction of punching is 
vertical, as is shown by the zebra markings. Note the mass of shattered 
pearlite shaped like a pear, with its tail pointing upward. In the right- 
hand part of this mass, at- a, the stratification of the pearlite is parallel to 
the direction of punching, and here the flow has elongated the pearlite 
parallel to its stratification. This elongation has narrowed the fer- 
rite lamellse proportionally, but the cementite lamellae, being inexten- 
sible, have broken up into fragments which preserve roughly their initial 
direction. 

As this thinning of the ferrite lamellae suggests the closing of an ac- 
cordion, so there is much to suggest its opening, with the moving apart 


1. Close order in 2. Open order en echelon 


Fig. 31. — iFt Alternate Strata are Brittle, Compression Parallel to the 
Stratification Converts Close Order In Line’' into “Open Order En 
Echelon ” 

of the cementite lamellae by the foreshortening of the ferrite lamellae at b 
in the lower part of this pear, where the pearlite stratification is normal 
to the direction of punching. The foreshortening of the plastic ferrite 
lamellae is easily understood, but it is so hard to understand either how 
the brittle cementite lamellae can thus foreshorten, or how they can, with- 
out breaking, endure the flow of the ferrite lamellae between them and 
along their faces, that we should receive this suggestion with caution. 

One may be less skeptical toward the like suggestions of the opening 
of the accordion, and the implied foreshortening of the ferrite lamellae, 
in Fig. 19, because in the lower part of this pearlite mass several of the 
cementite lamellae lie en echelon. 

This suggests that the widening of the ferrite ^4ines,’' speaking mili- 
tarily, has tended to move the cementite lines’^ into more ^^open 
order/^ but that the shortening of the lines which this widening implies, 
though it is readily obeyed by the plastic ferrite, could not be followed 
directly by the rigid cementite, which instead has broken into squads’^ 
in *‘en echelon^^ order, as sketched in Fig. 31. 

This arrangement en echelon is seen also in the lower part of Fig. 19, a 
longitudinal section close to the fracture of a tensile test piece of 0.21 
carbon steel. Because this area is close to the edge of the punch, it has 
bent down like a snow cornice. Though this bending gives the ferrite 
lamellae nearest the edge a look of having been narrowed, so that the 
cementite lamellae are brought closer together, yet at a distance of 1| 
in. from the edge of the hole on this magnification it seems to have 



PLASTIC DEFORMATION OF STEEL DURING OVERSTRAIN 


543 


opened the accordion, i.e., to have increased the distance from cemen- 
tite lamella to lamella, implying a thickening of the ferrite lamellse 
between them, and with that thickening a foreshortening, which tallies 
well with this en echelon arrangement. 

What is even more striking in both of these figures is the apparent 
bending of the cementite lamellae without breaking. The curving and 
continuous change of direction of the pearlite stratification from a to b 
of Fig. 21 is quite foreign to the natural habit of pearlite, and seems due 
to some eddy movement of the whole region. Much sharper curvature 
of the strata is seen in the upper part of Fig. 19, where the right-to-left 
compression has crumpled the stratification up into a W shape which is 
certainly artificial. Though one cannnot be sure that these individual 
cementite lamellae have not broken in thus distorting, it is certain that 
some of these lamellae in Fig. 19 have bent almost to a U without breaking. 
A striking example is the lamella marked c. 

That these extremely thin lamellae of cementite should thus bend 
without breaking, though the thick cementite island of Fig. 18 has broken, 
is natural, reminding us of the great flexibility of sufficiently thin threads 
of slag-wool or glass, substances which in thick masses are so inflexible. 
Curving of the pearlite through flow is suggested by the left-hand part of 
Rosenhain's Fig. 19,® but without clear indication as to whether the ce- 
mentite lamellae have remained unbroken through this bending. 

Fig. 22 shows what we have called a 'Taccolite,'’ i.e., an intrusion of 
pearlite into the strata of ferrite with which it was initially interstratified. 
If not strictly a laccolite, it is like true laccolites in being arrested and 
not breaking through to the surface. Here the transverse component 
of the flow has forced an intrusion of pearlite into three parallel layers of 
ferrite, and indeed clear through the left-hand layer. What has become 
of the ferrite displaced by the intrusion of pearlite into the right-hand 
ferrite stratum is not clear. 

Another unusual form of pearlite, cellular and recalling lebeburite, 
is shown in Fig. 7, Plate 1. Here the orientation of the etch figuring 
of the ferrite is not only very constant, but alike in these two ferrite 
bands, as if it were due to the pressure or the movements in punching.^ 

Disruption of the pearlitic cementite in punching, by translation trans- 
verse to its stratification, is shown in Fig. 26. Though the general flow 
in the extra-circumferential metal is radial and away from the punch, 
i.e., tending to narrow any strata which lie parallel to a plane tangent to 
the hole, yet such strata, when they lie in immediate contact with the 
punch, are dragged down by it, curving like the surface of water at the 
edge of a fall, so that their stratification is widened, i.e., the cementite 


* Journal of the Iron and Steel Institute, 1906, No. 2, PL XLVI, following p. 224. 

^ These markings may possibly be connected with the polishing of the specimen. 
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Strata tend to move apart. In Fig. 26 the mobile ferrite has conformed 
to this local opening of the accordion, but the brittle cementite lamellae 
have broken up into short fragments. Here the surface is so much curved 
that only a very narrow strip of it can be brought into focus at once. 

In like manner Fig. 24, the longitudinal section through the tensile 
fracture of a 1.45 carbon steel, shows in its left-hand part an apparent 
opening up of the stratification, which lies transversely to the axis of the 
test piece and the direction of main flow, whereas in Fig. 23, also a longi- 
tudinal section of the same fracture, the pearlite, which is here stratified 
nearly parallel to the flow, is but little deformed. 

Another case of the deformation of the pearlite in tensile rupture is 
shown in F^. 20, a longitudinal section near the fracture of a tensile test 
piece of 0.21 per cent, of carbon, with an unusual pearlitic structure. 

The intra-pearlitic movement during the wire-drawing of bridge- 
cable wire, of about 0.75 carbon, is shown in Figs. 28, 29, and 30. This 
rod, which was i in. in diameter, was drawn part way through a die in. 
in diameter, the rear of the rod remaining unreduced. Fig. 28.shows the 
unreduced rod, and Figs. 29 and 30, which represent spots within an inch 
of Fig. 28 in this same specimen, are from the wire into which this part 
of the rod has been drawn. Fig. 28 shows the normal pearlite of the 
rod, Fig. 30 shows about the normal condition of the pearlite in the 
drawn wire, and Fig. 29 shows one of the least disturbed pearlite areas 
in that wire. 

Though the pearlitic deformation is very marked in some of these 
cases, yet in others it is only slight even when the presumable defor- 
mation of the 1st and 2d orders is very considerable, indicating that the 
movement of the grains past each other, and the readjustment of the 
positions of the masses of ferrite and of cementite, may leave the strati- 
fication of the pearlite little drformed This can be traced in the right- 
hand part of Rosenhain’s micrograph, No. 19, just referred to. Here the 
deformation of the pearlite at the very edge of a tensile fracture is at most 
very slight. 

The smaller general deformation of high- than of low-carbon steel 
would na:u:al’\ create a smaller tendency to intra-pearlitic deformation, 
yet Fig. 24, at the edge of a fracture of a very high-carbon steel with 1.45 
per cent carbon, indicates that even in this the pearlite itself may open 
up much. This makes it all the more striking that the pearlite of Fig. 25 
shows so little deformation, even under the abrupt deformation of the 
mass which should be expected here at the very edge of a punched hole. 
Other cases, Figs. 23 and 29, of slight intra-pearlitic deformation where 
the deformation of the second order is very great, have already been 
noted. 

§8. Equiaxing Phenomena. The contrast between the long ferrite 
ghosts in the left part, L, of Fig. 27 and the equiaxed ferrite network in 
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its right-hand part, R, is very suggestive. L is evidently much decar- 
burized, so that the temperature of Ar3 for L is higher than for B. Prom 
these facts we may infer that when the rolling ended the temperature of 
B, which was absolutely higher than that of L because of the greater 
distance from the surface, was far enough above the Ar3 of R to permit 
the austenite grains to recover from the distortion caused by the roll- 
ing and to equiaxe. Further, it suggests that the temperature of L was 
within its transformation range, i.e., below its Ar3 but above Arl. 

That it was below Ax3 is suggested by the great elongation of the white 
ferrite ghosts. For above A3 the re-equiaxing of the distorted austenite 
grains seems to be rapid, so that if the finishing temperature had been 
above Ar3 these austenite grains would have equiaxed, and the ferrite 
which they generated in cooliag from Ar3 toward Arl would have formed 
an equiaxed network. Yet this indication is not decisive, because such 
feite streaks form even after apparently good opportunity for the equi- 
axing of the austenite. 

That this finishing temperature was above Arl is indicated by the 
presence of some equiaxed cells at the extreme left. An equiaxed ferrite 
boundary can be formed only by expulsion from an equiaxed grain; so 
that these equiaxed boundaries consist of ferrite expelled from grains 
which at the time of that expulsion were equiaxed, and have remained so 
since, i.e., there has been no rolling since that expulsion. But ferrite 
expulsion comes only between Ar3 and Arl. Hence the rolling here must 
have ended above Arl. 

§9. Acknowledgment. This investigation has been carried out in 
part under a grant from the Carnegie Institution of Washington. 

§10. Summary. Four aspects of flow are distinguished, the move- 
ment (1) of individual grains past each other, (2) of individual masses of 
pearlite and ferrite relatively to each other, (3) of the pearlitic ferrite and 
cementite within the pearlite, and (4) of the crystal units along slip planes. 
(§1, p. 532.) 

2. The inter-granular movements as shown on the previously polished 
upper surface of a punched piece are more severe, but apparently con- 
fined to a narrower ring on that surface, in cylindrical than in conical 
pimching. (§2, p. 533.) 

3. A study of the movements of the individual ferrite and pearlite 
masses during punching suggests a tentative explanation of the differ- 
ences observed between cylindrical and conical punching. (§§3 and 4, 
pp. 533, 535.) 

4. The corresponding movements in tensile rupture are examined. 
(§5, p. 540.) 

5. The shattering in tensile rupture of coalesced cementite islands, 
arising from the divorce of the pearlite in low-carbon steel, is illustrated. 
(§6, p. 541.) 

VOL. n. — 35 
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a Reckoning Tolume of holes as 100. 

6 Taking spedfio gravity as 7.85 

e The top of the wad is 2 per cent, wider than the top of the hole. 
d Not determined; the hole and wad are nearly cylindrical. 
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6. The intra-pearlitic deformation is studied. Elongation and com- 
pression parallel to the pearlite stratification lead respectively to drawing 
out the cementite lines into squads, and rearranging them en echelon. 
These cementite lamellee sometimes curve greatly without breaking 
(§7, p. 541). A pearlite “laccolite” eruption through the ferrite layers, 
with which it was initially interstratified, is shown (p. 543). Though 
the pearlite stratification is often greatly crumpled and otherwise de- 
formed, yet it sometimes remains little deformed at the very edge of a 
fracture (p. 544). Even in high-carbon steel this pearlitic deformation 
may be marked (p. 544). 

7. Incidentally it is shown how the equiaxing phenomena may be 
interpreted. (§8, p. 544.) 

Discussion 

H. C. H. Carpenter, London, England. — There are one or two 
points of perhaps general interest on which I should like to touch. I 
notice that Professor Howe refers to the work of Ewing and Rosenhain 
in connection with the plastic deformation of metals. That, of course, 
is quite a classical work. Their theory was that in that formation you 
get the metal slipping along its gliding planes in a series of steps. Now, 
it is very curious that that work, although quite right up to a certain 
point, has been comparatively little used, and, indeed. Professor Howe 
himself does not make any very great use of it in this paper. 

One of the main reasons why the work has not been more used, I 
believe, is this: Professor Ewing and Dr. Rosenhain showed, in the 
plastic deformation of metals with which they experimented, that these, 
undoubtedly began to slip by a series of steps, but they were not able to 
give a reason showing why, when once a metal has started to deform, it 
should ever stop deforming until it was broken. 

Now, of course, we know that it does; the metal can be deformed up 
to a certain point with a given stress, and then, after that, the stress has 
to be increased if any further deformation is to take place. No explana- 
tion of that increased stress was given by the authors. 

That brings me to the work of another researcher in our country. 
Dr. Beilby, whose work is not so well known as it deserves tb be, particu- 
larly because his work has been overlooked, for the reason that he chose 
metals which are simpler than iron — gold, silver, and copper, which can 
be easily obtained in a state of purity, and, therefore, the results can be 
interpreted more easily. Dr. Beilby furnished an interesting interpreta- 
tion of where these begin and end. Dr. Beilby showed, and I think 
conclusively, that in addition to the actual slip by steps; or under these 
gliding planes, you get an actual transformation from the crystalline 
solid metal into what is virtually a liquid — what are called amorphous 
vitreous phases. This phase is brittle, and what happens is that when 
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the stress is applied, and the metal begins to move along the gliding planes, 
then the rubbing of the crystal surfaces on one another produces the 
vitreous brittle phases, and ultimately the crystal units which are broken 
up are incased in an enamel of this vitreous material, and after that 
rupture can only take place by breaking across these vitreous phases. 
All of this is very fully indicated and brought out in Dr. Beilby’s paper 
published in 1910 or 1911. I imagine that Dr. Howe is familiar with 
Dr. Beilby’s work, as he quoted his name in connection with the paper, 
but it is surprising that more use has not been made of Dr. Beilby’s work 
in this connection. 

I should like to ask the authors whether they had any difficulty in 
developing the structure of their pearlite and other steels by etching. 
The effect, of course, of the cutting work is to give us ultimately this 
mixture of crystalline and vitreous materials, this etching, rather 
differently. 

Some years ago I was consulted by a firm which was having difficulty 
with the stamping of steel links for chains. The carbon percentage of 
these links was about 0.01 per cent., and I found great difficulty in devel- 
oping the structure of that steel in the neighborhood of the punch. That 
again, I think, is explained by the theory of the amorphous vitreous 
phases which are formed in the neighborhood of the fracture. We will 
have, undoubtedly, different properties in the etched material from the 
crystalline material. 

In this paper there is a certain amount of evidence. Turning to 
Figs. 3 and 4, 1 notice that on the extreme right we have an area which is 
apparently hardly etched at all. I do not know whether that is because 
the material is decarburized. 

Professor Howe. — ^I t is decarburized. 

H. C. H. Carpenter. — That is a point I wanted to be clear about. I 
do fiend that difficulty with regard to etching, and I found I was only 
able to get comparable results by giving these severely strained links a 
low-temperature annealing in order to reconvert that amorphous phase 
into the crystalline phase. That has to be done at a temperature below 
the melting eonversion, but I found a temperature of 500° to 550° was 
insufficient. 

I would like to ask a question of the author. These photographs, as 
I gather, are of materials just in the strained conditions, without any 
other treatment. I would like to ask if they have had any difficulties in 
interpreting their stresses? I should like to express, in conclusion, my 
great admiration for the paper by Prpfessor Howe and Mr. Levy. 

Henrt D. Hibbard, Plainfield, N. J. — These views showing the sur- 
face of the distorted steel remind me of some compression tests of 
manganese steel I made a great many years ago, the test pieces being 
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cylinders 1 in. in diameter and 4 in. long. They were cast test pieces, 
ground to dimensions. After compression it was possible from the 
appearance of the surface, which looked much like these photographs, 
to tell about the coarseness of the crystallization or granulation of the 
metal within, the test piece having been shortened so that its diameter 
was increased by bulging perhaps a fourth. 

William R. Webster, Philadelphia, Pa. — Several years ago, in 
order to show the injurious effect on steel by punching and shearing, 
even after the rough edges had been removed by reaming or planing, 
I took some pieces of steel plate and punched two lines of parallel 
holes in them about 3 in. apart, then cut out the longitudinal strips 
between these punched holes. These strips were pulled in the tension 
testing machine and in all cases showed hard spots opposite the punched 
holes, and at other points, where the metal had not been hardened by 
punching, it necked down. In all cases the fractures occmred at one of 
these points where the metal had not been hardened, but the hardening 
effect of the punching extended in much further than I had expected. 

Ralph H. Sweetser, Easton, Pa. — I would ask Dr. Howe if tem- 
perature has anything to do with the final rupture of the steel, if it is 
imder stress; that is, will intense cold help the final rupture, when the 
shock comes, or will the higher temperature, say of superheated steam, 
have anything to do with the rupture of steel under stress? 

C. P. Linville, South Amboy, N. J. — I should like to ask Dr. Howe 
whether the surface hardening caused by wire drawing, cold rolling, and 
such processes may not to a certain extent be explained by this paper. 
It would seem to me that in the case of steels having some cementite, 
even though it be pearlitic, such surface treatment would tend to drive, or 
cause the softer ferrite to flow away from the surface, thus leaving a shell 
much richer in cementite and accordingly harder. Another instance 
which I have observed is the case of rails that have been a considerable 
length of time in service, so that the top has been worn down. I have 
found a thin skin, extremely hard, which was apparently altogether 
cementite. On a polished section the skin would not etch when treated 
with acid and under the microscope was white and in its behavior like 
cementite. It was also noted that in this skin numerous small surface 
cracks were visible, which might eventually be extended deep enough into 
the rail to cause weakness. I realize that there is a certain amount of 
surface hardening, even in pure metals, which has been explained as 
being due to the formation of an amorphous layer, but it seems to me that 
in the case of the carbon steels, the driving out of the soft ferrite, leaving 
the hard cementite on the surface, may also have an important effect. 

Henry M. Howe. — I am sure it is a great gratification to us to listen 
to the successor of Dr. John Percy and Sir WiUiam Roberts-Austen. Dr. 
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Beilby’s wonderful theory of a temporary liquid state between the natural 
crystalline state and the final amorphous state, such as we find in hard- 
drawn and cold-worked metals generally, certainly does explain an enor- 
mous amount of phenomena that before that was perfectly unknown and 
not understood. Why sliding should start a step, of course, was very 
diflSicult to understand. If the thing started to break, why did not it 
keep on breaking; if the stress was able to start, what should stop the 
started crack? 

Dr. Beilby’s theory does explain that in the most satisfactory way, 
so far as the phenomena of simple overstrain is concerned, but it seems to 
me that it breaks down at the phenomena of reversing overstrain; that 
is, if you strain a piece of metal past the elastic limit in tension, and re- 
verse the strain past the elastic limit in compression, the thing seems so 
far to have brought about a set of results which were very different from 
those you got on simple overstrain. 

The hardening effect of simple overstrain cannot be due to bringing 
the cementite to the surface before the development of the amorphous 
state, because that is the case in pure metals — pure copper is hardened 
the same way by overstrain — it hardens pure metal just the same as it 
hardens impure ones. The purity of the metal does not decrease the 
degree of hardening at all, so that it is a perfectly satisfactory explana- 
tion, but the generation of the harder amorphous metal, why that metal 
should be harder, is extremely reasonable and natural when you consider 
the natural conditions of the case. 

If simple overstrain makes the metal lighter, harder, etc., the tests 
made so far do not indicate that reversing overstrain either hardens the 
metal or lightens it. Effects of simple overstrain may be removed abso- 
lutely and completely by heating to 600® C., or, as Professor Carpenter 
says, an even lower temperature. The effects of reversing strain do not 
seem to be the same. The evidence so far as it goes does not indicate 
clearly that reversing overstrain is removed by such heating, but it is 
only fair to say that the bulk of the annealings which have been made 
were not carried to a high enough temperature to establish that point. 
That is a point which is still under debate. 

The tensile strength, depending on the temperature, certainly rises 
with the temperature up to a moderate degree. There is a very steep 
rise of the tensile strength curve with rising temperature, followed by a 
drop again, if you get to about 200® C. There is a reversal, but from 
that temperature down, as the temperature falls, the tensile strength 
diminishes. And that may be boimd up with this phenomena of the 
play between the cementite and the ferrite during deformation. That, 
however, I do not think we can feel sure about yet. 

Professor Henry Le Chatelibr, Paris, France (communication to 
the Secretary*). — ^I have read with interest the paper of Messrs. H. M. 
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Howe and A. Levy on the plastic deformation of steel, and was particularly 
struck by the observations concerning the cementite lamellse of the 
pearlite, which were bent without fracture. Must they not have been, 
then, in elastic tension? Their solubility in ferrite would be increased 
as a consequence. If then a steel in which the cementite is thus deformed 
be heated to a temperature near the point of recalescence, the curved 
lamellse ought to disappear and recrystallize out; but under what form? 
As lamellse or as rounded grains? A crystal soluble in water, if subjected 
to mechanical stress has its solubility increased. The same is necessarily 
true in metals. This may explain in part the facility with which metals 
partially hardened, and thus out of equilibrium, can dissolve and re- 
crystallize in the presence of very small quantities of solvents. 
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Investigations of Coal-Dust Explosions 

BY GBOEQB S. EICE, PITTSBUBGH, PA. 

(Pittsburgh Meeting, October, 1914) 

The subject of dust explosions in coal mines first appears in the 
Transactions of this Institute following the first great mine disaster that 
happened in bituminous mines of the United States. This was the 
Pocahontas explosion, which occurred Mar. 13, 1884, causing the loss 
of 112 men. The operating company wisely asked the technical assist- 
ance of the Institute, requesting that a committee be appointed to inves- 
tigate and report. This committee consisted of Messrs. Bramwell, Buck, 
and Williams, who, after careful study, reached the conclusion that the 
explosion was due “either to dust alone or to dust quickened by an admix- 
ture of fire-damp too slight for detection by ordinary means.” This is 
perhaps the first time in this country that coal dust was considered to be 
the chief agency in a mine explosion. The report is given in the Trans- 
actions, vol. xiii, p. 237 (1885). It is particularly worthy of note that the 
committee called attention to “the necessity of full-sized tests and 
systematic experiments. ” 

In the same volume of the Transactions, there is a most interesting 
paper reviewing the literature relating to coal dust, by E. S. Hutchinson, 
entitled Notes on Coal-Dust in Colliery Explosions. Mr. Hutchinson 
gives a historical account of observations on the part played by coal dust 
in mine explosions, beginning with Messrs. Lyell and Faraday’s report 
on the Haswell colliery explosion in 1844, in which it is said “much 
coal gas had been made from this dust in the very air itself in the mine 
by the flame of the firedamp, which raised and swept it along, and 
much of the carbon of the dust remained unbumed only from want of 
air.” 

The subject lay dormant until 1875 when William Galloway began 
some coal-dust experiments in a small gallery at a mine in South Wales 
of which he was manager. At that time he considered the presence of 
firedamp necessary for continued propagation of a dust explosion; but in 
1884, the year of the Pocahontas disaster, he stated that no earlier 
author than himself had credited coal dust with being a principal factor 
in mine explosions, relegating firedamp to a secondary place. 

Meantime in 1876, Henry Hall and George Clark made some coal-dust 
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explosion experiments in an adit 45 yd. in length, -which were the first 
large-scale tests undertaken -with coal dust. The explosions tra-y-eled 
the length of the adit, and issued with violence from the mouth. 

In 1878 Morison and Marreco began experiments in diminutive 
galleries, followed in 1880 by similar experiments conducted by Professor 
(afterward Sir) Frederick Abel, -with a view to determining the cause of 
the explosion disaster that occurred at the Seaham colliery. Professor 
Able drew the conclusion that as far as could be determined by experi- 
ments on a moderate scale the tendency of coal dust by itself to propagate 
flame is of a limited nature, and it required the presence of a very small 
percentage of firedamp; although he admitted that in the complete 
absence of firedamp, an explosion might be propagated to a greater dis- 
tance than the results of small experiments would warrant one in 
assuming. 

Mr. Hutchinson, in his paper, summarizes the opinions of the inspec- 
tors and prominent mining men before a Royal Commission sitting in 1879 
and 1880. All those whose testimony he cited “appeared to be in accord 
that while dust in itself is not explosive, it is abimdantly able to intensify 
an explosion initiated by gas.” He then cites at length a series of 211 
explosion tests conducted by the Chesterfield and Derbyshire Institute 
of Engineers, under the direction of Morison and Marreco, in a wooden 
tube 82 ft. long and 14 by 18 in. in section on the inside. It is interesting 
to note that in only a small proportion of the tests was ignition obtained 
and apparently in no case did propagation extend throughout the gallery, 
so that the conclusions of the committee were unanimous that “only 
ignition of dust (in distinction to an explosion) occurred withovi gas,” 
and they added: “special circumstances must combine to insure ignition 
of dust without gas. ” 

At the conclusion of Mr. Hutchinson’s paper he says: “Neither 
assent nor dissent -with regard to the -views that have been quoted is 
intended to be expressed in this paper. But the facts, nevertheless, 
remain that there are dusts and dusts, and that the ratio of the number 
of serious mine explosions to the total number of blown-out or over- 
charged shots and local explosions of fire-damp, in dry and dusty mines, 
is a small one; whereas, if the coal-dust theory be true to the extent in- 
sisted upon by its most strenuous advocates, every such local occurrence, 
in a mine of this description, should be followed by the more or less com- 
plete -wreck of the colliery. ” This indicates the general point of -view in 
1884. 

The reason for the many failures to obtain explosioi^ of coal dust in 
the earlier experimental gafieries was perhaps due to one or more of these 
causes: 

1. Degree of impurity of the coal dust used. 

2. Large size of the particles of dust. 
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3. Smallness of igniting source, that is, the flame too short in length or 
in duration, or, the mechanical energy insufiflcient to raise the dust into a 
cloud. 

4. Taking into account the small size of the igniting charge, it is 
possible there was unsuitable placing of the dust, or an insufficient 
quantity of the dust at the point of ignition. 

The next discussion of coal dust in mine explosions, which appeared in 
the Transactionsj in vol. xxiv (1894), followed a paper by William Glenn 
on Mine Explosions Generated by Grahamite Dust, in which he evidently 
considers in the two explosions in 1871 and 1873 in the Ritchie mine 
(West Virginia) that the dust was the cause and not firedamp. In the 
discussion Dr. R. W. Raymond quoted at length from the report of the 
Prussian Fire Damp Commission which, in 1884, began a series of experi- 
ments with coal dust, and coal dust and gas, in a gallery 167 ft. long, ellip- 
tical in cross-section, the diameters of which were 4 ft. (horizontally) and 

ft. (vertically). As was stated by Dr. Raymond, these experiments 
were more systematic and thorough than any previously conducted. 

The general conclusion of the Commission was that when firedamp is 
absent the propagation of an explosion of coal dust is limited for most 
varieties of dusts, but there are coal dusts which once ignited by a shot, 
burn, or spontaneously give flame far beyond the localities strewn with 
the dust. 

In Austria in 1885 and 1886 coal-dust experiments were conducted in a 
testing gallery. In these experiments nearly all kinds of coal dust were 
ignited by a cartridge of 100 g. of loose dynamite, but it was stated that 
a small mixture of firedamp notably increased the sensitivenesss of coal 
dust to ignition. Further, that the fineness of the dust, as well as its 
dryness, greatly increases its sensitiveness and danger. 

In 1886 W. N. and J. B. Atkinson, mine inspectors of England, issued 
an interesting book entitled Explosions in Mines which was the result of 
their studies of many mine explosions. The authors state very positively 
that they consider coal dust the chief factor in most of the British mine 
explosions of the past, and describe in detail six explosions, in five of which 
they consider coal dust was the chief, if not the only, agency. Their 
discussion of the subject shows remarkable knowledge of the new prob- 
lem. They considered the most dangerous dust is the finest coal dust, 
or float dust,^' which they term upper dust from its being found on the 
timbers and on projections of the roof and sides. In the light of the 
definite information obtained in recent large-scale experiments the authors 
possessed a remarkable intuition of the mechanics of explosions, the 
circumstances under which coal-dust explosions will propagate, the posi- 
tion of the coked dust with reference to the movement of the explosion, 
and many other details, which shows that their views were well in advance 
of the times. It is particularly interesting to note that they concluded 
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“that the direction that the air was traveling had no influence on the 
course of an explosion after it was once started.” 

In 1890 to 1893, Henry Hall, British Inspector of Mines, conducted 
some explosion tests in disused shafts, which led him to state that “his 
experiments conclusively prove that a blast of gun powder in dry and 
dusty mines may cause serious disaster in the entire absence of firedamp. ” 

The British Royal Commission, in 1894, in its summary states: 
“Coal dust alone without the presence of any gas at all may cause a 
dangerous explosion if ignited by a blown-out shot or violent inflamma- 
tion. To produce such a result, however, the conditions must be excep- 
tional, and are only likely to be produced on rare occasions.” 

The matter rested for many years following this report, not only in 
this country but abroad, except for occasional discussions. Nothing on 
the subject of coal dust in relation to mine explosions appears in the Trans- 
actions between 1895 and 1908, when there was a paper presented by 
Carl Scholz, entitled Effect of Humidity on Mine Explosions, which 
brought forward the danger of dry coal dust in mines, and discussed 
the advantages of the sprinkler-humidifying method of preventing mine 
explosions (vol. xxxix, p. 328 (1908)). This was followed by a series of 
papers on these and allied matters by Bache, Shurick, Mannakee, Ray- 
mond, and Rice, appearing invols. xl and xli. Meantime, however, it had 
become apparent that long-flame explosives were dangerous to use in 
dusty and gaseous mines, and galleries were established in Germany in 
1894 and subsequently in Belgium, Austria, and England for testing so- 
called “safety explosives,” which through giving a shorter flame, one of 
less temperature, and of far less duration, would be relatively safer than 
black powder or dynamite. This led to the establishment of “ permitted 
lists” of explosives in Belgium and Great Britain, and specifications of 
requirements in Prance, Germany, and Austria. 

It was not until after the great Courriferes disaster in 1906, which cost 
the lives of 1,100 men, in a colliery which had always been so remarkably 
free from firedamp up to that time that it was considered non-gaseous, 
that the fear of coal dust was reawakened in the great coal-mining coun- 
tries. It led in France to the establishment by the Central Committee 
of Operators, of the Lievin station, which was placed under the talented 
government engineer, J. Taffanel. Prior to this French mining men had 
been led to believe, by early laboratory tests, that fiiredamp was the chief 
danger, and that coal dust would only increase the intensity of an explo- 
sion, and therefore if ignition of firedamp was prevented there would be 
little danger from coal dust itself. 

In Great Britain the Coal Operators Association, early in 1908, erected 
thelargeAltoftsgallery, which was placed under the direction of Mr. (later 
Sir) William E. Garforth, who had repeatedly cafled attention to the danger 
of coal dust, and who beheved, as a result of his observations following the 
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disaster at the Altofts collieries in 1886, that rock dust, if present in sufid- 
cient quantities, rendered coal dust non-inflammable. The important work 
at Altofts continued for three years, and experiments were conducted 
on a larger scale than had yet been tried, the gallery having a total length 
of aboui 900 ft., the explosion section proper being 600 ft. long and ft. 
in diameter. Many new and valuable data were obtained from these 
experiments regarding the propagation of dust explosions, the force 
developed within the limits of the gallery, the gases formed and the 
effectiveness of the rock-dust treatment method of prevention.* In 
1911 this work was transferred by the Mine Owners Association to the 
British government and the gallery was removed to Eskmeals, where 
tests have since been conducted under the direction of a Royal Commis- 
sion and five brief reports issued. 

The Lievin station in the Pas de Calais district of France, when first 
established in 1907 employed a small gallery for preliminary tests, but a 
larger gallery was installed in 1908, and successively increased in length 
until the scale on which the tests were conducted was more extensive 
than in the British experiments, the main gallery being 1,000 ft. in length. 
Mr. Taffanel has advanced the knowledge concerning coal-dust explosions 
to an extent which places the work on a more exact scientific basis, par- 
ticularly as regards the explosion wave movements under different condi- 
tions. The acquirement of information has, in part, been due to the high 
development of the recording instruments he employs.® 

As already stated, explosives testing galleries were established 20 
years ago in Germany and subsequently in Belgium and Austria. In these 
galleries tests of explosives are made in the presence of gas and dust, and 
some dust-explosion experiments have been conducted, but the galleries 
are too short to enable conclusions to be drawn regarding the wave move- 
ments of explosions except to a limited extent in the underground gallery 
at Rossitz, Austria. The new Westphalian surface gallery near Dort- 
mund, Germany, now 100 m. long, it is intended will be enlarged and in the 
future experiments will doubtless be conducted of a size and thorough- 
ness comparable with those being carried on at Eskmeals and Lievin. 


Coal-Dust Experiments Conducted by the Bureau of Mines 

The coal-mining industry of the United States, as compared with that 
industry in European countries, was very backward in taking up ex- 
perimental investigations relating to coal dust, although mine explosions 
attributed to coal dust had happened with sad frequency. Just why more 
active interest was not taken in experimental investigations is not ap- 

*See Record of the First Series of the British Coal-Dust Experiments, 1910. 

* See series of publications issued by the Comity Central des HouiU^res de France, 
1909 to date. 
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parent, because the magnitude of the industry in this country fully war- 
ranted such investigations. Neither the individual operators or associa- 
tions nor States took the matter up, although Pennsylvania alone mines 
more coal annually than any foreign country except Great Britain and 
Germany. Finally, however, in 1907, such a series of disastrous mine 
explosions occurred that the country was aroused, and Congress ap- 
propriated money for the investigation of mine explosions and other mine 
accidents, which subsequently led to the formation of the Bureau of 
Mines. Thus the first, and so far, the only large-scale coal-dust experi- 
ments conducted in this country were started by the Federal government 
at the Pittsburgh station, established in the fall of 1908. During the first 
year the Pittsburgh gallery, a 100-ft. steel tube, 6| ft. in diameter, was 
devoted to the testing of the so-called “safety explosives” in the presence 
of gas and dust, to establish a permissible list of those that passed the tests; 
but in the following year a preliminary series of experiments was con- 
ducted in the gallery to obtain information concerning the explosibility 
of coal dust, and how the danger might be neutralized. Information on 
the following points was sought: 

1. To determine how small a quantity of coal dust will propagate an 
explosion. 

2. To find the coarsest sizes of dust that will propagate an explosion. 

3. To determine how much moisture coal dust must contain to 
prevent ignition and propagation. 

4. To observe the effect of foreign inert matter or ash upon ignition 
and propagation of an explosion. 

These tests were largely conducted with dust ground from coal of 
the Pittsburgh bed, which is considered to produce dust of the most 
inflammable character. It was found that, when very fine (through 
200 mesh), as small a quantity of dust as 32 g. per cubic meter of space 
(0.032 oz. per cubic foot) would ignite and propagate, at least within the 
short limits of the explosive zone employed. (See Bulletin No. 20, 
XJ. S. Bureau of Mines, Explosibility of Dust.) 

As regards the second inquiry, it was found that with coal screened 
through a 20-mesh screen and over 40 mesh, ignition and partial 
propagation would ensue, and as it had been found that with every in- 
crease in the igniting charge, up to the largest amount that could be put 
in the cannon, there was an increasing ease of ignition, it seemed probable 
that a larger charge of powder in the initiating shot would cause com- 
plete propagation of dust between 20 and 40 mesh. It was therefore 
tentatively decided to accept 20 mesh as the dividing line between small- 
sized coal and what might be considered dust. While this limit is em- 
piric, it is found to be a good division in practice, and has since been 
adhered to in gathering samples of road dusts; if larger sizes are gathered, 
that part over 20 mesh is rejected. 
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In the third inquiry, as to the effect of humidity and moisture, it was 
found that the humidity of the atmosphere itself had no appreciable 
effect upon an explosion of inflammable dust, but when the moisture con- 
tent of the dust was such as to prevent its being thrown in suspension, 
then no explosion resulted. These features have since received abundant 
verification by numerous tests at the experimental mine. 6- 

As regards the fourth principal inquiry, only a few tests were con- 
ducted to determine the effect of the ash or admixture of coal dust with 
foreign material. These tests indicated that the presence of ash up to 
40 per cent, of the dust of the kinds experimented with did not prevent 
propagation; that in one instance 50 per cent, did not prevent, but in 
another case did prevent propagation. In the later tests, at the experi- 
mental mine, it was found it required a larger percentage of ash to 
prevent ignition and propagation. See p. 584. 

Concerning the bearing of the carbon-hydrogen ratio in ignition 
and propagation, systematic tests like those conducted in France by Mr. 
Taffanel were not made on account of insujBEicient facilities, but those that 
were made at the station, and subsequently at the experimental mine, 
confirm his findings rather than those of the English investigators, that 
the ratio is of great importance; that is, with other things equal (ash, 
moisture, and size of dust) the higher the percentage of volatile combustible 
matter the more easy is it to obtain ignition, and also propagation, though 
this does not mean that the violence of an explosion once started is 
greater with a dust of high volatile content. It means that the flame 
of the source of ignition must be hotter or of longer duration with dusts 
with low volatile content. 

A decrease in volatile matter, speaking broadly, decreases the range 
of explosibility, into which enter the factors of ash, moisture, size of dust 
particles, structure of particles. A coal dust in which the fixed carbon 
is more than four times the volatile combustible is harder to ignite by 
a blown-out shot, or an electric arc, than one in which the ratio is 2 to 
1 or 3 to 1. Anthracite that has a ratio of 10 to 1 or over has so far not 
proved to propagate an explosion even with a small percentage of fire- 
damp present, but semi-anthracite in which the ratio is less than 10 to 
1 has shown propagation with 2 per cent, of firedamp present, but not 
without it, 

Welsh anthracite dust is considered by the British investigators as 
explosive, and they cite experiments in which charcoal dust proved ex- 
plosive, to show that there is danger from anthracite dust without regard 
to the volatile matter present. 

It was found, as had been anticipated, that the gallery was too short, 
being only 100 ft. long, to carry out explosion experiments which could 
be considered at all conclusive as regards propagation. From the begin- 
ning it had been expected that large-scale experiments would be carried 
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on in the underground entries or headings of a mine as soon as one could 
be secured. Accordingly, the following year, 1910, plans were definitely 
made looking to securing such a mine. No old mine suitable for the pur- 
pose was found, and it was finally decided to open up a mine by stages, 
primarily for the purpose of coal-dust explosion tests. The mine was 
opened when the state of the allotments permitted, and was prepared for 
the preliminary test at the end of 1911. 

Fifteen explosion tests of a preliminary nature were conducted* in 
1911 and 1912. The work was then suspended on account of the funds 
being exhausted. The mine was enlarged the early part of the fiscal 
year 1912-13 and a few experiments conducted during the sessions of 
the International Mine Experiment Station Conference, held at Pitts- 
burgh, in 1912. For the fiscal year 1913-14 funds were allotted which 
permitted carrying on a most important series of over 100 mine-explosion 
experiments, the results of which are now being prepared for publication. 

The mine consists of two parallel entries (see Fig. 1), driven into the 
Pittsburgh coal bed from the outcrop. These are now 1,300 ft. in length. 
The right entry of the pair is called the “main entry” and the left entry 
is called the “air course.” There is a stub 100 ft. in length, turned at 
right angles off the main entry at a point 775 ft. from the mouth; and a 
pair of butt entries turned at right angles off the air course, the first of which 
is 850 ft. from the mouth. During the recent tests, termed the “second 
series of tests,” these entries were 200 and 250 ft. respectively in length, 
but each of them has been extended 100 ft. during this past summer. 
Two rooms had been turned at right angles off the ficrst butt entry during 
the second series of tests, and now two more rooms have been turned. 

At 150 ft. from the mouth of the air course a diagonal entry comes in 
from the outcrop, and at the outer end of same there is a 120-ft. steel 
gallery, which by several offsets is connected to the fan. The outer 200 
ft. of the main entry, air course, and slant are lined with reinforced con- 
crete, but the early explosion experiments badly ruptured and broke up 
this lining and lifted the roof over the entries for 150 ft. from the respective 
mouths. The inner parts of the entries are like ordinary entries in the 
Pittsburgh bed, 9 ft. wide and from 6 to 7^ ft. high. The coal bed itself 
vaides from 5 to 5| ft. in thickness, over which there is a draw slate from a 
few inches to 1^ ft. thick, and above this a top coal, which so far has fur- 
nished a very good roof, although somewhat shaken in places. Fortu- 
nately, so far, very little timbering has been required. 

In the main entry, and in the inner part of the air course, large in- 
strument stations have been made every 200 ft. and intermediate to these 
small flame and pressure circuit-breaker stations. The main instrument 


•See Bulletin No. 56, U. S. Bureau of Mines, First Series of Tests at Experi- 
mental Mine. 
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stations are chambers constructed in the rib and lined with concrete, with 
heavy steel plates shutting ofif the entry, through which the instruments 
are connected with the mine atmosphere. Doors are placed to one side, 
permitting entrance in behind the instruments, which are placed upon 
shelves. The chief instruments are the pressure manometers electrically 
rotated for recording the varying pressures, as the explosion passes. Pres- 
sure circuit breakers and flame circuit breakers for interrupting electric 
circuits are placed in the main instrument stations, and also in the small 
intermediate stations. The stations are connected by wires formed into 
cables, which pass through pipes placed with compressed air and water 
pipes in a horizontal groove in the rib. This is faced up with concrete 
for protection of the cable and pipes. The wires go to the observatory 
on the surface, where the recording instruments are located. It is from 
this observatory that the explosions are started by firing through an elec- 
tric circuit blown-out shots of black powder from a cannon. Premature 
firing is safeguarded by cut-out switches at the mouth of the mine and at 
the observatory. 

The mine is equipped with six pressure manometers, three being like 
those used in the British experiments, and three like those employed in the 
French tests. These may be moved from station to station, in accord- 
ance with how the tests are arranged. In the British manometers, the 
pressure is transmitted through a bath of oil to a plunger operating against 
a triangular spring which carries the scribing style and that traces the 
pressure curve on a band of smoked paper, wrapped around a revolving 
cylinder. In the French manometers, the pressure acts directly on a small 
plunger which presses on a small deflecting mirror. A beam of light from 
an incandescent lamp within the apparatus is reflected on to a photo- 
graphic paper around a revolving drum. The movement of plunger and 
mirror is so small that the inertia is negligible. For both kinds of man- 
ometers there are electrical devices and timing arrangements for mark- 
ing the time on the pressure records with reference to the igniting 
shot. 

Some modification, of these instruments have been made, and it is ex- 
pected that others, embracing new features, will be constructed at the 
Bureau’s instrument shop. 

Connected with the mine there is a grinding plant for making coal dust, 
very large amounts of which must be used in some tests. This also serves 
for grinding shale dust or rock dust for mixing with the coal dust in 
determining the explosiveness of mixtures of different percentages of ash 
and for use in explosion-checking devices. 

The fan is relatively large for a mine of this size. It will either force 
or exhaust about 60,000 cu. ft. of air per minute, and is quickly reversible. 
The offsets in the air passages, with a number of explosion doors, permit 
running the fan either way desired while an explosion is taking place. 

VOL. L. — 36 
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A natural-gas pipe line passes near the mine, and a connection has been 
made to same so as to permit the introduction of gas into the mine. 

The mine itself is in what might be termed a “peninsula” of the coal 
bed, being surrounded by the coal outcrop, except on one side parallel 
with the main entry. Firedamp is not found to an appreciable extent. 
Many analyses of samples taken even when there had been no ventilation 
for some time have not shown more than a few hundredths of 1 per cent, 
methane and, with a moving current, none, or occasionally a trace, can 
be detected by analysis. 

Method of Carrying on Coal-Dust Explosion Tests 

Loading of Coal Dust. — The coal dust for the tests cannot be placed on 
the floor of the entry, as is the practice in European galleries, because the 
floor is frequently wet, and, as is the case in commercial mines, the track 
road bed is more or less rough. In all the tests except recently the coal 
dust was placed on side shelves of 3 by 4 timbers, fastened by bolts to posts 
recessed into the ribs, or, in the concreted section, bolted directly to the 
concrete. There are five shelves on each side of the passageway. It was 
thought that the shelves being parallel with the path of the explosion, and 
being strongly bolted to the posts, which in turn are fastened by 
heavy iron bands into the rib, would not be damaged by the explo- 
sions. This, however, has not proved to be the case when the explosion is 
of a violent nature. This method of loadmg on the side shelves proved 
entirely successful when pure coal dust was used, and the mine was dry; 
but when the walls were wet, also in mixed-dust tests, h.11 of the dust was 
not brought into suspension, and inconsistencies were found. Accordingly 
a system of cross shelves, placed close to the roof, was employed to supple- 
ment the side shelves. Such cross shelves correspond to the collars of 
timber sets in a commercial mine. It was found that this made a great 
change in the .results of tests where the dust, was near the border line of 
explosibility, and enabled the obtaining of consistent results, regardless of 
whether the walls and floor were wet. 

Method of Ignition. — Explosions are initiated by blown-out shots, as is 
the usual method abroad. It is much the easiest method, as compared 
with employing a body of firedamp. In the earlier demonstrations the 
shots for blowing out were placed in the face and cased with pipe in order 
to insure the blowing out. This method, while successful, takes more 
time to arrange, and also, as some energy is expended on the walls of tbe 
drill hole, the pipe usually being burst, more consistent results were ob- 
tained by the use of a cannon with a bore hole of about 2f in., and 20 in. 
deep. Black powder was used in almost all cases, the charge usually be- 
ing 4 lb., stemmed with clay. Circuit-breaker wires are placed across the 
mouth of the drill hole, so that the moment of firing may be recorded. As 
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already stated, the shots are fired electrically from the observatory, and 
switches at the mouth of the mine cut out all wires entering the mine until 
every one has left the mine. The mining engineer in charge and the mine 
foreman connect up the shot-firing wires to the detonator leads after every 
one else is out and then come out themselves. 

Point of Ignition . — In the majority of tests the ignition shot was placed 
at the face of the main entry, pointing outward, parallel to the axis, the 
coal-dust loading, either pure or mixed, extending outbye from the shot 
in whatever arrangement may have been planned. The cannon is placed 
either on a mine truck, or latterly on the floor of the gallery, and a plat- 
form of boards, nailed to the ties, extends outward from the cannon. On 
this, 25 lb. of dust is scattered. 

In a few cases two cannons were used, and a cross fire obtained, but 
the shock waves from the two shots complicated some of the manometric 
records so that a single shot was considered preferable. In some of the 
later tests the ignition point was in a short stub off the last crosscut mid- 
way in the pillar between the two entries. This was in order to secure 
double tests, using both the air course and entry. These entries fur- 
nish symmetrical conditions. In two tests the ignition shot was located 
at the head of the first left stub, and in a few other cases there was special 
placing of the ignition shot. 

Necessarily many tests were made to standardize the method of igni- 
tion, the method of loading, and the instruments. The first objects were 
to find out how coal dust was ignited, and how the explosion was propa- 
gated from point to point; the pressure waves set up by the explosion; 
the movements of the pressure waves; the relation of the rise and fall of 
pressure at different points in the course of an explosion; the position 
of the flame with reference to the pressure waves; the velocity with which 
the pressure waves and the flame travel under different conditions, and 
the character of the combustion as far as that could be determined by the 
gathering of gas samples automatically at different stages of the explosion. 

The second object was the determination of the effect of mixtures of 
shale dust or limestone dust on the ignition and upon the propagation. 
In this connection, the term ignition’^ means the prolongation 50 to 100 
ft. or more of flame originated by the shot; the term propagation’’ refers 
to continuation of flame throughout the mixture or dust being tried. 

At this point it may be well to explain, as far as our present knowledge 
goes, the way in which an explosion starts and propagates. When the 
igniting shot of black powder is fired, a flame is projected from the hole 
for 10 to 15 ft. the distance depending on the size of the charge and size 
of the grains of powder. This starts a shock wave, which travels at the 
rate of a sound wave. Tests in the mine have determined that this 
travels in the passageways at an average speed of 1,150 ft. per second. 
The effect ou the sensitive French manometer is to cause a sharp rise 
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from the zero line to a point where a pressure of 3 to 4 lb. is indicated. 
This line is jagged, showing vibratory movements of the wave. The 
shock-wave pressure decreases in intensity, though not in velocity, as it 
progresses, and is barely discernible on the pressure instruments (which 
measure the side pressure only) located 500 to 600 ft. from the cannon. 
A portion of the dust on the floor platform is raised by the blast, and is 
ignited by the flame of the explosive. This burns rapidly, and other dust 
brought from the side shelves by the eddying of the air currents is carried 
into the zone of combustion. As far as the manometers show, there is an 
interval of | sec., more or less, before the pressure produced by the burn- 
ing dust becomes appreciable. If the zone of dust loading is short, or if 
there is a high proportion of ash so that the mixture is barely explosive, 
the initial pressure near the origin will not be more than a pound or two, 
but with pure dry dust the pressure will rise rapidly. The flame from the 
burning dust takes from half a second to a second, depending on the con- 
ditions, to traverse the first 100 ft. In a pure coal-dust explosion, the 
second hundred feet is traversed more rapidly, that is from i to | sec. or 
less, and from this point onward the velocity rapidly increases until ve- 
locities of 2,000 ft. per second and upward are attained. As the ex- 
plosion progresses in an explosive dust cloud, the pressure rapidly rises, 
and at a point 350 ft. from the origin pressures of 63 lb. per square inch 
have been attained, at 550 ft. from the origin pressures of 73 lb., and at 750 
ft. 1191b. per square inch have been reached. Where an explosion is 
abruptly checked by means of barriers it is found that the maximum pres- 
sure is attained at the moment of passage of the flame, but there is a 
pressure wave in advance of the flame. This is the unfortunate feature 
which permits propagation of a dust explosion, inasmuch as the dust is 
raised by this pressure wave. The English term it the “pioneering 
wave.” 

When the coal dust is uniformly loaded, and is of a highly explosive 
character, the pressure from point to point keeps on rising, as far as can 
be determined within the length of the passage of the experimental mine; 
as this increasing pressure wave advances, reflex waves are thrown off 
which go back toward the origin through the column of moving gases. 
In other words, at the area of high pressure, ’waves go in both directions 
to the areas of low pressure. This explains many of the anomalous 
features which have puzzled investigators of disastrous mine explosions. 
That is, evidence of violent movements in the direction opposite to that 
of the explosion are sometimes observed. At the experimental mine 
large wooden blocks, marked for identification, have been placed at 
regular intervals, and in an explosion of increasing intensity it is found 
that up to the point where the maximum pressure has been reached the 
blocks have gone toward the origin, and beyond this point, outbye or 
in the direction of the advance of the explosion. 
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The same phenomenon has been demonstrated in some tests by plac- 
ing loaded mine cars at intervals along the passageway; these have been 
moved toward the origin in the instances where the maximum pressure 
was attained beyond, although doubtless they first moved outward as 
the explosion wave passed before being hurled inward. In one instance 
a loaded car was thrown toward the origin 147 ft. and overturned. 

It is frequently a matter of speculation in the investigation of ex- 
plosion disasters, what pressures may be attained to produce the dis- 
ruptive effects observed. With abundant inflammable dust there 
seems to be no limit, as the effect is cumulative. Let us suppose the pres- 
sure has attained 120 lb. per square inch, or about eight atmospheres, 
there are then eight times as many atoms of oxygen present in a cubic 
foot as there were in a cubic foot at the initiation of the explosion, so 
that if there is enough dust present to combine with all the oxygen there 
is eight times the energy liberated by the combustion per unit of space 
as at the beginning of the explosion. 

As the explosion attains high velocity, the compression of each suc- 
cessive layer of air ahead is probably nearly adiabatic, so that the tem- 
perature of the air and dust is instantly raised to the point of combus- 
tion. Therefore actual transfer of heat from point to point by radiation 
and convection, which would be necessary at the beginning, might not be 
when the velocity of the explosion was 2,000 to 3,000 ft. or more per 
second. 


Composition of Afterdamp 

The investigation of explosion phenomena would not be complete 
without obtaining samples of the resultant gases and analyzing and 
correlating them. In the French gallery the samples were taken in 
evacuated flasks, the glass stems of which projected into the gallery and 
were ruptured by the explosion and the gases forced into the flask. Ob- 
servers could immediately after the explosion turn off the stop cocks of 
the flasks. This method was not practicable in the mine, so various 
arrangements were made to seal automatically the flask connections, 
but there was some uncertainty about the time the sealing was done. 

In the British Altofts tests automatic sampling bottles were employed 
and a similar one was tried at the experimental mine, but it did not 
prove suitable to the conditions. 

A special automatic sampler was then devised and built, in which 
there are three evacuated steel bottles, the glass ones first used being 
frequently broken, although put in a recess in the rib and protected by 
a heavy steel cover. Each bottle has the end closed by a thin plate of 
glass; a special mechanically operated plunger breaks the glass and seats 
itself like a cork in the metal neck. This mechanical arrangement is 
set in motion by the interruption of an electric circuit through the burn- 
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iiig out of a tin-foil strip exposed to the dame of the explosion# A clod 
work controls the time of operating the mechanism of the second anc 
third bottle, which can be regulated to obtain any desired time intervals 
The time between the burning out of the tin-foil strip and the closing o 
the first bottle is very small; tests have determined it to be but 0.03 sec 
It could not be made less and obtain a full sample in spite of the evacua 
tion of the bottles and the exterior pressure of the gases; as it now operates 
sometimes the bottle is only partly filled at atmospheric pressures. 

At first the tin foil for starting the operation was placed at th< 
sampling point, but in recent tests it has been placed 100 ft. nearer th< 
origin in the effort to secure samples either in the first or second bottle 
which would show the preliminary stages of the combustion. The diffi- 
culty of getting decisive results regarding this early chemical change is 
that the samples necessarily are taken on the side of the passageway 
The desired point would be at the center, but the violence of the ex- 
plosions makes this difficult, though some method may yet be devised oJ 
accomplishing it. It is known from Mr. Taffanel’s investigation in his 
surface gallery that the flame of the explosion first advances on the centei 
of the passageway, the point of flame being from a few feet to many feel 
in advance of the flame at the walls. 

The analyses of the samples at the experimental mine are most in- 
teresting, but it is too early to draw conclusions therefrom. Twc 
typical sets of analyses from the automatic sampler are as follows: 


Test 

No. 

No, 

of 

Sample 

Seconds® 
after Pass- 
age Flame 

CO2 

CO 

O2 

N 

CH4 

H 

CsH, 


1 

0 04<’ 

13 56 

5 36 

1,03 

75.21 

1.15 

2.38 

1.31 

92 

2 1 

0,55 

7 93 

5.14 

7.05 

76.34 

0 97 

2.45 

0,12 


3 

3.00 

9.98 

7.38 

2.60 

74 76 

1.51 

3.52 

0 25 


1" 

+0 04<* 

0.60 

0.35 

19.82 

79 18 

0 05 

0 

0 

114 

2 

0.33 

0.71 

0.20 

19.59 

79 20 

0.30 

0 

0 


3 

1.53 

7.55 

6.92 

4.35 

75.96 

1.41 

3.63 

0.18 


"Normal air, 

^ Time of closing valve after circuit broken by flame. 

" Probably sample gathered later through lag of valve, 
advance. 

Perhaps the most interesting feature of many of the analyses taken 
during the series of tests is the increase in carbon monoxide in the second 
or third sample over that in the first or second sample gathered in the 
respective test. 
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Another interesting feature is the distillation of the coal dust after 
the first passage of the flame. In Test 114, the analyses from which 
are given above, the first sample was taken before the explosion reached 
the sampler, the tin-foil circuit breaker having been advanced 100 ft.; 
the second sample seems to have been taken immediately following 
the first dart of flame before the combustion was general. The velocity 
of the flame for the 100 ft. preceding was 1,408 ft. per second as registered 
by the flame circuit breakers. 

Development of Mine-Explosion Prevention Methods 

It is needless to say that this extensive and costly experimentation 
would not have been undertaken for mere demonstrations that coal dust 
is an explosive agency (necessary as the educational work was for the 
first year or two). The final object was to obtain such knowledge of 
the phenomenon that practical methods could be devised for preventing 
or limiting mine explosions. The first consideration of operators, natu- 
rally, is the prevention of ignition of coal dust by use of the well-known 
though often neglected precautions already available, such as the em- 
ployment of safety lamps in mines making gas, the use of permissible 
explosives, safe-guarding electrical installations, lessening the produc- 
tion of coal dust, rigid inspection, etc. These features will not be gone 
into, but we will confine the present discussion to the methods of making 
coal dust inert, for in bituminous and lignite mines the dust is always 
with us, so it must be made harmless in one way or another; and to 
explosion checking or limiting devices. 

Tests in the Pittsburgh gallery, and many practical illustrations in 
coal mines of the United States, had already demonstrated that coal 
dust so damp that it cannot be brought up into the air by concussion, 
is not dangerous. The way to judge whether this condition is attained, 
suggested by the writer of this paper as a result of early Pittsburgh tests, 
is to gather a handful of the dust: if it will stay balled up after packing in 
the hand it will not be raised in a cloud by a concussion or blast, and 
therefore will be harmless. 

Methods of wetting coal dust have been experimented with at the 
experimental mine, and, as in commercial mines, great difficulty was found 
in wetting pure coal dust when it lay in piles, either by humidifying or 
direct watering. As every coal-mining man knows, coal dust repels 
water, and water may run over it or under it, like quicksilver, without 
wetting the dust, even after months of contact. However, in commercial 
mines where the walls and floor are thoroughly wet, the particles of dust 
falling on the road will tend to become damp. One fact has recently 
been found, which seems to be of great value in aiding the wetting of 
dust by watering or humidifying methods, namely, that where coal dust 
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is mixed with shale dust or limestone dust, the repulsion of the coal dust 
is nullified and water quickly penetrates masses of the mixed duat. This 
suggests that where watering or humidifying methods are used, it would 
be of advantage to scatter fine shale dust through the mine, or prefer-- 
ably limestone dust on account of its whitening the ribs, roof, and floor, 
thus making the illumination of the passageway easier. 

Dustless conditions have been proposed as a preventive of dust ex- 
plosions, to be obtained by attempts to clean carefully the surfaces, and 



Fig. 2. — Diagram op Test 79. 


possibly through the employment of vacuum cleaners. The latter have 
been tried in Europe, but so far have not proved effective, as there was 
great difficulty in cleaning up coal dust from the rough surfaces of roof, 
walls, and floor. Striking illustrations of the ineffectiveness of the most 
careful cleaning have been demonstrated by the attempts to secure 
dustless zones for testing purposes at the experimental mine. It is neces- 
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sary to clean very carefully between experiments, and this is done by 
means of shovels, brooms, blowing of dust from the walls and floor with 
compressed air, aided by the ventilating current. In spite of these 
precautions, in tests with ignition zones of coal dust at the head of the 
main entry of only 100 to 300 ft. in length, upon being ignited, the 
explosion has gone 500 to 1,000 ft. through carefully cleaned entry when 
the walls of the entry have been dry. In one such instances the ex- 
plosion increased in intensity as it went out (see Fig. 2). There is 
another factor which enters into this besides the difficulty of cleaning 
the fine dust out of crevices and recesses in the ribs, namely, that the 
air wave in advance of the flame carries timbers, pieces of rock, coal 
and other debris, which abrades the ribs, and it seems possible, from the 
tests at the experimental mine and observations made in mine disasters, 
that this may be an additional source of fuel for the explosions, especially 
in mines where the coal is friable. In considering this it must be remem- 
bered how little dust is necessary to propagate an explosion. 

As already mentioned, on one occasion 0.032 oz. of coal dust in a 
cubic foot of space was ignited in the Pittsburgh gaUery. Mr. Taffanel 
reports one ignition with 0.023 oz.; and obtained explosions quite reg- 
ularly with most dusts he tested, employing only 0.070 oz. per cubic foot 
of space. The cross-section of the experimental mine contains about 
60 sq. ft., which for the amount of 0.070 oz. per cubic foot of space would 
require only 4.2 oz. per linear foot of entry. This amount distributed on 
the floor and the two ribs would make but 0.19 oz. per square foot of 
surface, or a layer of dust less than 0.003 in. in thickness. - Most of the 
experimental mine tests are made with five times this amount of dust in 
order to insure maximum conditions for an explosion. 

Many persons do not realize how thick a dust cloud has to be to ob- 
tain ignition which propagates beyond the immediate influence of the 
igniting flame. It has been found in laboratory and surface gallery tests 
at Pittsburgh, that a cloud of dust which will ignite appears very dense 
to the eye; in fact, in small-scale tests made with electrical ignition it is 
found the cloud must be so dense that it entirely obscures a 16-c.p. light 
placed a foot from the glass window. Coal dust is capable of extremely 
fine subdivision. It has been shown by laboratory tests, as well as 
gallery tests, that the finer the dust is ground, the more readily it is 
ignited. Dust through 200 mesh is the standard for testing in the 
laboratory inflammability apparatus at the Pittsburgh station. In the 
coal dust used in the experimental-mine tests, about 80 per cent, of it 
will pass through a 200-mesh sieve. The openings of a standard 200- 
mesh screen are 0.0029 in. square. If it be assumed that the average 
size of the particles of dust passing through the 200-mesh sieve is equiva- 
lent to a sphere of one-half the diameter of the screen opening, or, 
0,00145 in., in a cubic foot of such dust cloud weighing 0.07 oz. there 
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would be 2,735,000,000 such particles. Microscopic study makes it 
seem probable that there is a much larger number of coal particles in a 
total weight of 0.07 oz. The vast number of dust particles that may exist 
in such a dust cloud makes it easier to comprehend that a cloud of fine 
dust behaves essentially like an inflammable gas. 

Dry dustless zones, at least where these are in entries having coal 
ribs, proving futile to stop or even check an explosion; the alternatives 
are to wet the dust, or to use inert dust. Watering throughout a mine, 
if thoroughly done, is unquestionably a preventive of coal-dust explosions. 
Short watered zones, however, are not effectual, as the excess of dust 
from the zone behind is borne along by the advance wave. The explosion 
tests at the experimental mine which have been made during the spring 
and summer months, through natural agencies, have had to be conducted 
with thoroughly wet walls and floor, the side walls and roof being so wet 
as to be slimy to the touch. When the coal dust has been placed on 
shelves, particularly cross shelves, the wetness of the walls and floor 
has not had an appreciable effect in checking the violence of the ex- 
plosion. Further, the flame has frequently penetrated along dampened 
zones 500 to 600 ft. in length, there being sufficient coal dust carried ‘along 
by the explosion to sustain combustion throughout such zones. Many 
similar instances are found in explosion disasters, which have unfortu- 
nately led some to believe that all watering is ineffectual; rather, it 
points to the necessity of having the watering extend throughout the 
mine. 

RocJc-Dust Treatment — The use of rock dust as a preventive of ex- 
plosions was first urged by William E. Garforth, as a result of his ob- 
servations following the Altofts explosion disaster of 1886, that certain 
airways covered with rock dust, which naturally drops from the roof and 
sides in this long-wall mine, were in no instances penetrated by flame. 
It is generally claimed that in British coal mines, also in French and 
Belgian mines, extensive watering will seriously damage the walls and 
roof; although in Germany thorough watering is compulsory, and sprink- 
ling is more or less used in South Wales. 

Largely as a result of Mr. Garforth's influence the Altofts gallery was 
first established, and one of the objectives was to try out rock-dust 
treatment. Resulting from the favorable tests, the method was adopted 
immediately at the Altofts colliery, and subsequently at a number of other 
collieries in Great Britain* The method was therefore tried at the experi- 
mental mine, largely in view of the fact that many mine operators of the 
United States claimed that watering methods are inefficient, and investiga- 
tion has found that only a very small fraction of the mines, even where 
watering is done, wet down the ribs and roof, where much of the most 
dangerous dust (the float dust) collects. Again, in the arid Rocky 
Mountain regions, the great scarcity of water and extreme dryness of the 
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air entering the mine make watering a particularly difficult problem. 
Several great explosion diasters, which have occurred in that district in 
mines where considerable watering has been done, indicate the need of 
providing other means than watering in mines in which there is great 
difficulty in properly wetting the dust. In fact, one of the greatest dis- 
advantages of watering methods is that so much depends upon the indi- 
vidual men employed to do the watering, for it must be done, not occasion- 
ally, but every day in the year. 



Pressure at station 950, 40 lb. Flame penetrated through, the shale-dust zone 600 ft., 
but did not ignite the coal-dust loading in the zone beyond. 

Fig. 3. — Diageam op Test No. 86, to Deteeminb Penetration op Shale-Dust 
Zone with a Strong Initial Explosion op Pure Dust. 

Humidifying by steam jets is not open to this latter objection, and 
this method has been found to be excellent in wetting the roof, ribs, 
and floor in tests at the experimental mine, although, as already stated, 
the pure dust does not become wet when it is in undisturbed layers or 
piles. 

In the rock-dust tests at the experimental mine shale dust, obtained 
by grinding roof material, was chiefly employed. This was not ideal in 
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that it contained from 8 to 10 per cent, of combustible matter. It would 
be better if shale could be obtained without combustible matter, as is the 
case with many of the roof shales found in Great Britain. However, as it 
is a material which is convenient and available throughout the fields min- 
ing the Pittsburgh bed, from which a large percentage of the bituminous 
output of the country is derived, it was thought best to test it out thor- 
oughly, especially since if effectual the proportions of shale to coal dust 
would be on the safe side. This shale dust, distributed along side shelves, 
was successful in stopping small initial explosions of coal dust in a few 
hundred feet; but with an initiating zone of 300 ft. of coal dust, with re- 
sultant high pressures of 30 to 50 lb. per square inch on entering the shale- 
dust zone, the flame penetrated from 250 to 660 ft.; as, for example, in 
mine test No. 86 (see Pig. 3 showing flame extent and velocity, also 
pressure records at certain stations), in which the initial pressure from 
the coal dust was 40 lb., the flame traveled for about 300 ft. before dying 
away. In Test 87, in which the pressure was but 30 lb., it died away in 
less than 250 ft. 

Limestone-dust screenings, which are a waste product in many dis- 
tricts, were also tried in zonal treatment, but owing to the greater specific 
gravity of the limestone, the results were no more effectual than with the 
shale dust placed on the side shelves, although the limestone contains no 
combustible matter. 

The conclusions drawn from these tests, and others in which the roclc 
dust was placed on cross shelves, are, that the most effectual method is to 
place the dust on cross shelves, and on overhead timbering, if there be 
such; then the advance air wave causes the entire dust load to fall in a 
shower and practically all of it is brought into play, whereas when placed 
along the ribs and floor it is not so easily brought into suspension when the 
explosion pressures are low. With this cross-shelf arrangement, which is 
practically a continuous Taffanel barrier, the greater specific gravity of the 
limestone dust has no appreciable disadvantage since, after tests, it is 
found widely scattered, and on the other hand there is some liberation of 
carbon dioxide, which further tends to quench the combustion. 

In connection with the extinguishment of the flame of an explosion, it 
is interesting to note that in an effort to start a strong ignition of coal dust 
75 lb. of coal dust was placed on eight cross shelves from immediately in 
front of the cannon to 50 ft. distant. To the surprise of all present at the 
test, the flame did not pass beyond these cross shelves. The test was re- 
peated five times in all, with the same results except in one case when pro- 
pagation occurred. The representatives of the foreign testing stations 
were asked if they had experienced such results. Subsequently M. 
Watteyne of Belgium reported he had tried the same experiment, and 
obtained confirmatory results. Coal dust placed in this way appeared to 
have acted like a rock-dust barrier; the coal dust falling rapidly across 
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the path of the flame cooled it below the ignition point of the dust. It 
must be clearly understood, however, that an excess of coal dust is not a 
prot'6ction against an ignition under any ordinary circumstances, as it is 
almost impossible to conceive of its being similarly placed under working 
conditions. If there is merely an excess of dust on the floor, or in the 
gob, only a portion of it rises in suspension, which would ignite and propa- 
gate if other conditions were favorable. In other words, it was not 
simply an excess of dust, as there was no more than in the usual test, 
but it was the way it was placed so that it dropped across the initiatory 
flame as a mass, and absorbed the heat. It was interesting to note that 
in each case there was much burning dust found on the platform in front 
of the cannon after the test. When there is an excess of coal dust along 
the entry this is not a hindrance to an explosion, as the advance waves carry 
it along until the flame reaches the dust; they automatically drop it if the 
waves slow up. Theoretically, 0. 123 oz. of Pittsburgh dust, if burned com- 
pletely, will combine with the oxygen in a cubic foot of space at ordinary 
pressures. However, when an explosion becomes violent as it advances 
along a passageway, the pressures may rise to 7 or 8 atmospheres or more; 
the dust, cloud at such a point must contain a proportionately larger amount 
of dust to use up or combine with all the oxygen in a given space. It has 
been observed that in most violent mine explosions there is usually a 
great excess of dust over that necessary to combine with all or most all o'f 
the oxygen in the zone of violence. 

Rock-Dust Barriers 

Despite the greatest precautions taken, it is inevitable that dust 
explosions will occur from one cause or another, and on this account 
it is deemed advisable that there should be a secondary line of defense 
to limit or stop them from going out of the originating district, Mr. 
Taffanel, director of the French Station, was the first to plan what has 
been termed a barrier,’^ He tried heaps of dirt across the passageway 
and observed that they had an important effect in choking explosions 
Manifestly such methods could not be used in mines, so he devoted him- 
self to making arrangements which would give equivalent results. This 
led to the adoption of the system of cross shelves placed close together, 
about 2 yd. apart, on which shale dust, flue dust, or fine ashes was placed, 
each shelf being J m. (20 in.) wide. At first he specified 10 such shelves, 
but later as a result of further experiments he found it advisable to in- 
crease the number to 15. The principle of this is that the air wave in ad- 
vance of the flame launches the large mass of incombustible dust previously 
placed on the shelves, into the air and makes a dense cloud, which cools 
the flame of the explosion. This arrangement was adopted by many of the 
mines in France. At the experimental mine the barriers, which in com- 
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pliment to Mr. Taffanel are termed “Taffanel barriers” (Fig. 4), were 
employed to limit the zone of violence, as otherwise it would have been 
impossible to make tests frequently, owing to the extensive damage which 
results from explosions of pure coal dust, when permitted to traverse over 
500 or 600 ft., to the interior of the mine and the roof and concrete linings 
near the entrances; the arched linings have been badly disrupted by some of 
the extensive explosion experiments. In Fig. 5 is shown a diagram of a 


Fig. 4. — Taffanel Rock-Dust Shelf Baeeiee. 

test in which the flame of the explosion was extinguished by the rock-dust 
barrier, the pressure dropping from 119 to 12 lb. in 400 ft. The barriers 
proved uniformly successful in stopping explosions, except in a fev' in- 
stances of very light explosions or other inflammations where the flame 
passed the barrier. There is also the disadvantage that where the air cur- 
rent is strong, as it generally is along the haulage ways of American 
mines, the dust is blown from the shelves. Again, in mines where 
the watering system is employed, the dust will likely become dampened, 
and when wet it is of course ineffectual in quenching explosions. 

These disadvantages led the writer to design some special forms of 
inclosed barriers which would operate with lighter pressures than the 
Taffanel open barriers. There are two forms of these: One the box 
barrier, where six boxes each containing about 700 lb. of dust are bung 
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from the roof and timbers across the entry. In the final design 
(Figs. 6 and 7) the arrangement comprises a light open box hung 
by four freely suspended rods, with eyes, from open hooks fastened 
in the roof or overhead timbering. The box within limits may 
swing freely; when, however, the movement is over f in. or there- 
abouts from the middle position, the two suspending rods on the side 
toward which the movement is directed, which fasten to the bottom edge 



Explosion test of pure Pittsburgh coal dust, 800 ft. zone, ignited at face of main 
entry. Explosion started with unusual slowness, but developed into one of great 
violence, maximum pressure at station 650 being 119 lb. The explosion in mam 
entry was stopped by the Taffanel barrier at end of coal-dust zone. The coal-dust 
zone outbye this was not ignited, and the pressure feU from 119 lb. at station 550 ft. 
from mouth to 12 lb. at station 160. In the air course the coal-dust loading extended 
for 260 ft.; outbye this there was a 300-ft. zone of shale dust, with coal dust beyond. 
The jSame penetrated through the shale-dust zone, but did not ignite the coal dust 
beyond. The explosion showed very violent results in the interior of the.mine. 

Fig. 6 . — ^Diagkam of Test 46. 

of the box, are struck by cleats fastened to the upper edge of the box, and 
if the movement is sustained by the advance wave of the explosion, the eyes 
of the suspending rods are pushed off the open hooks and the box swings 
downward, pivoting on the points of suspension of the rods on the opposite 
side of the box. The rock dust in the box is partly discharged, but some is 
held by the bottom of the box, which is constructed of two loose boards 
resting on cleats attached to the side of the box. The boards are hung 
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by chains attached to the roof or overhead timbers; which permit the 
boards to drop 3 or 4 in.; then they are caught by the chains so that a 
portion of the rock dust is held on them, unless the explosion is so vio- 
lent that all parts of the box are ruptured. In the latter event the rock 
dust is automatically launched and mixed with the air and coal-dust cloud. 
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has the further merit that if a box is accidentally tripped off j the bulk of 
the weight is caught by the chains, and it is not believed a serious injury 
would be caused to a man who might be caught underneath. 

To protect the rock dust, in an ordinary mine working, from becoming 
damp or admixed with float coal dust, the box should be covered by a 
waterproof cloth attached over the center line of the box to the roof, 
so that as the box dumps the cloth is automatically pulled from its top. 

As indicated above, there is less difficulty in stopping a violent ex- 
plosion than a light one, because in the violent explosion the whole 

% 


Fig. 7. — Box Rock-Dust Bareieb. 

mass is disrupted, and the rock dust forms a thick cloud of inert dust. 
Many tests have shown that the rock dust from the boxes is very 
widely distributed; and when limestone dust is used it can be observed 
ejected from the mouth of the mine by the air blast. 

Another form of barrier, which is illustrated by Figs. 9, 10, and 11, 
is termed the ' ^concentrated barrier.'^ In this the rock dust is placed on 
a large platform hung close to the roof. The platform consists of boards, 
hinged separately to a cross timber, and held up at the other end by an 
angle iron. This angle iron, in turn, is held up by a system of levers 
which are tripped by vanes. There are advance vanes connected by a 
wire with the lever which pushes upon the tripping lever. In the experi- 

YOL. L.— 37 
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meats at Bruceton the advance vane has been placed about 100 ft. 
from the concentrated barrier. As erected in a commercial mine there 
would be a similar vane on the other side, as the barrier is symmetrical 
and will extinguish an explosion approaching from either side. In case 
of possible accidental tripping, and danger when a man or trip of cars is 
passing, the inner end of each of the platform boards is fastened by a 
loose chain to the roof, or to a cross timber, permitting only a limited 
drop. As hitherto arranged, half of the boards dropped about 9 in., 
and the other half about 18 in. The platform holds about 3 to 4 tons of 
rock dust, and is quite compact, occupying the space between timber 
sets, which are placed 7 ft. apart. In mines with low roof it may be 


Eig. 9. — Concentrated Baehiee, Showing Undbe Side of Same, and Bumping 
Vane in Front; Also Tripping Wire prom First Vane, 100 Ft. in Advance. 


necessary to brush down the top to make room. The appearance of the 
barrier in passing under it is like that of an ordinary overcast. 

The leverage system of operating the concentrated barriers can be 
arranged so that it will operate with almost any desired pressure. As 
arranged at the experimental mine, it will not discharge until the pressure 
is equivalent to that of a wind of about 40 miles per hour (3,500 ft. per 
minute). In other words,- a heavy gale. It is thought that the proper 
places for such concentrated barriers are at intervals in the main entries, 
and in each side entry near its mouth, so that if the mine is paneled, an 
explosion will be confined to one panel. 
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It is interesting to note that Mr. Taffanel had independently decided 
oat it was desirable to have such inclosed barriers, and had designed a 
oncentrated barrier just prior to his coming to Pittsburgh recently for col- 
iboration on special tests. This was also tried out successfully at the 
xperimental mine, but it did not have the advance vane for tripping 
3, and this Mr. Taffanel thought was a considerable gain to provide 
Dr very rapid explosions. 

As far as the tests have gone, the box barriers and the concentrated 
larriers are equally effectual, and the adoption of one or the other at 


Fig. 10. — Concentrated Barrier after Extinguishing a Violent Explosion. 

he commercial mines will perhaps depend somewhat on local conditions. 

The success of the foregoing barriers led to the designing of a rock- 
lust protected ventilating door, since ventilating doors are invariably 
lestroyed in all explosions of any extent; and further, most of them being 
tear the mouths of side entries, it would be of the greatest value to have 
,n explosion wave arrested there (see Fig. 12). 

The principle underlying the door is to have the inclosing frame 
rork put together without nails, and keyed in position by the door frame, 
0 that when the door frame is blown out the mass of dust held behind 
he side and top boards is dislodged, and forms a dust cloud. 

Again, it was found advisable to sustain a certain amount of dust close 
D the roof, and this is accomplished by attaching to the boards over the 
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door frame loose chains, hung by bolts into the roof or to higher timbers. 
These sustain some of the dust after operation of the barrier and allow it 
to sift down in case there is a considerable time interval between the 
arrival of the pressure wave and the advance of the flame. 

It has already been found that the door frame must not be made too 
light or it is likely to be blown down by the shock wave from the cannon. 
It can therefore be a substantial frame, well braced to resist the ordinary 
shock wave from blown-out shots. 


Fig. 11. — Concentrated Barrier after Light Explosion, Which It 

ExTINGtnSHED. 

Another device with a similar object is a rock-dust protected over- 
cast. As every one knows who has investigated explosion disasters, over- 
casts are particularly vulnerable, though built of concrete and iron. 
Even with a small pressure per square inch, the large surface exposed 
gives a tremendous total pressure, which it is practically impossible to 
withstand by any ordinary construction. Therefore, where natural 
overcasts cannot be made which will provide a good thickness of natural 
strata between the airway and entry, it seems just as well to provide 
comparatively light overcasts made of wood, or if preferable, of light 
concrete or brick construction, not reinforced, making the walls double, 
and filling same with rock dust, or flue dust, holes being provided for 
occasional inspection, and if necessary, renewal of the dust. By having 
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such rock-dust protection^ if the overcast gives way by the pressure of 
an explosion, the flame is prevented from entering the airway. Often- 
times this might isolate a large district of the mine, and thus save the 
men in it. 

To complete the devices for the protection of vulnerable points a 
rock-dust stopping was designed, which presents some unique features. 
The first tests were with hollow walls, but the objection to this was that 
the stoppings are likely to go out quickly at the first pressure wave, 
so if there is a considerable interval between this wave and the flame 
there may be a chance for the rock dust to settle and the flame to pass 


Fig. 12. — Eock-Dust Peotectep Dooe with Front Board Removed to 
Show Loose Chains to Support Boards Oyer Door Frame if Explosion Occurs. 
Taken before Successful Operation. 

overhead; further, the stopping is liable to go out in a mass, and* the 
rock dust would not be well distributed. In the design which was 
tested with successful results, and which is illustrated in Fig. 13, the ease 
with which stoppings are blown out and their vulnerability are taken into 
account. The dust protection is practically in two halves, one inde- 
pendent of the other, and advantage is taken of the angle of repose of the 
rock dust. Practically, the device in each half consists of a series of 
shelves one over the other, with a space between the two halves in which 
there may be any kind of stopping material, either rock dust, ordinary 
masonry, concrete, or wood. When the pressure is first thrown on the 
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stopping it will blow out as a mass the inbye side, but if the explosion 
is not a heavy one, the outbye, or first, set of shelves will remain standing 
with a certain amount of rock dust on same, to provide material for ex- 
tinguishing the flame. To protect the rock dust from getting wet, and 
yet at the same time to permit it to be inspected, separate short cur- 



Fig. 13. — ^Rock Dust Pkotbcted Stopping por Mines. 


tains are hung from shelf to shelf. It is not desired to make these in 
one large curtain, since when the whole stopping is under pressure there 
is a liability of its going out in a mass, but if the curtams are m narrow 
strips they will flap up when the pressure wave strikes the stopping 
barrier.* 


* Patents, have been applied for by the author for the foregoing described devices, 
prospective rights being assigned to the Bureau of Mines, for the benefit of the pubhe. 
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Future Investigations at the Experimental Mine 

Besides the investigation into protective devices; it has become ap- 
parent that there is need for testing dusts from coal beds of different 
districts in order to determine the degree of inflammability or explosi- 
bility of the pure coal dust, and then to determine what admixture of roof 
material; or where artificially ground rock dust is introduced, the amount 
of the foreign inert material, which will make the coal dust harmless; in 
other words, to determine the explosive limit of the particular dust (a) 
to prevent ignition, (h) to prevent propagation. For example, for 
Pittsburgh dust it requires 70 per cent, of the roof shale in the mixture to 



Section 

Fig. 13A. — Section on Line A-B of Fig. 13. 


prevent ignition, but to prevent propagation it requires about 80 per 
cent. This is when the local shale is used; but when limestone is em- 
ployed in the. mixture, owing to there being no combustible matter in it, 
60 per cent, of the mixture will prevent ignition, and 75 per cent., propaga- 
tion. One low-volatile high-carbon coal which was tested would not 
propagate an explosion with only 20 per cent, admixture of shale, so 
that a mine producing coal of this character would apparently be reason- 
ably safe from dust explosions by the introduction of a relatively small 
quantity of rock dust. On the other hand, this coal in a mixture with 
40 per cent, shale propagated an explosion when 1 J per cent, methane 
was present. 

In tests of dusts from other districts at the experimental mine, owing 
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to the possible admixture of particles of coal abraded from the ribs, which 
would alter the results, it seemed necessary to line with concrete a portion 
of the passageways where such tests are conducted, and this is now 
being arranged at the time of preparing this paper. 

One of the most important series that will have to be undertaken is 
that of determining how much the limit of explosibility of each dust is 
changed by the introduction of small quantities of firedamp. Some tests 
have been made, but not enough from which to draw conclusions. Special 
arrangements are being made for the introduction of gas at the face of 
one of the entries so that it may be put in behind a diaphragm, then mixed 
with the air by a fan, in any desired proportions. At the present time 
it is only feasible to use 2 per cent, or less throughout the whole mine, 
whereas it is often desirable to make a test with an explosive mixture of 
gas at the face. 

It is hardly necessary to say that the number of kinds of experiments 
that might be tried is almost infinite, and the work will have to progress 
slowly, step by step. 

Discussion 

William Griffith, Scranton, Pa. — notice in the discussions and 
literature that emphasis is placed on rock dust, shale dust, and limestone 
dust, and I infer that these different sorts of rock are ground up to pro- 
duce this dust. Is that right? 

Mr. Rice. — That is correct, but we do not have to grind the limestone 
dust we are using in the experimental mine, as that is obtained from a 
quarry, and is used' just as it comes; we can get it very cheaply, as it is a 
by-product of the quarries. 

Mr. Griffith. — Have any experiments been made with ordinary 
dirt out of the fields; could not that be used as ground dust? 

Mr. Rice. — ^li you dry it and powder it enough so it will float in a 
strong air current it might be all right for the barriers, but if it is damp 
there will be a tendency for it to mat together; then it would be quite 
useless for making a dust cloud. There might also be another disad- 
vantage if used through the whole mine, if it had very much free silica 
in it, which is bad for the lungs. Limestone and selected shale dust 
would not affect the health of nainers. 

Mr. Griffith. — ^In order to do very much good with any of those 
barriers, they ought to be rather extensively used throughout the mines, 
and there are few mines that have facilities for grinding up this rock into 
such a fine dust. If the ordinary earth from a plowed field could be used, 
even if it were not quite so good, it is more accessible and very much 
cheaper; therefore, in using it, with the universality of the supply through- 
out the country, it would tend to stop explosions. 
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Mb* Rice (cominuiiication to the Secretary*), — In closing, it is well 
to again emphasize that I do not advocate barriers being a '^cure-alP' 
for explosions. It will be generally agreed that prevention is best, not 
only by means of improved methods of using explosives, and ventilation 
to prevent accumulations of firedamp, but also by either thoroughly wet- 
ting the dust throughout the mine, or else so treating it with rock dust or 
other inert dust that an explosion cannot start. From my observations I 
beheve that rock dusting is a practicable method, and has the merit of 
visibility, and remaining effective for considerable periods, whereas the 
watering method has to be daily followed up, and if neglected for a short 
period the mine may become in a dangerous condition. The Germans 
attribute one of their great disasters to the fact that watering had not been 
done during the period of a Sunday and a holiday (that is, between Satur- 
day and Tuesday), with consequent drying out of the dust. It is too 
delicate a matter to refer to specific disasters in this country, but it is 
thought that many similar instances have occurred in the United States, 
m mines ordinarily well taken care of, but in which, through temporary 
neglect of watering, the dust had become dangerous. Where the water- 
ing system is used it is undoubtedly a very great help to also sprinkle 
some rock dust through the entries, which will assist through its capillary 
attraction in wetting the dust, and will also help in making the dust pack 
together, so it will not be raised by a concussion. 

Referring to Mr. Griffith's remarks, while earth from the fields 
could doubtless be used if dried, it may be pointed out that to take it from 
a plowed field would probably destroy ground valuable for agricultural 
purposes, and it would seem to be cheaper to take material of less value, 
such as limestone or shale. 

Since the original paper was issued one of the largest coal companies is 
making a test of rock dusting in one of its mines, on stretches of the main 
haulage entry, and also in one of the butt entries. After first cleaning 
these roads limestone dust is being used. The conditions are very severe, 
as the cars are all leaky, and a great deal of coal is spilled off, particularly 
at the switches. After being down a month, at the time of writing this, 
according to the samples gathered and the analyses made, it shows most 
favorably, indicating that the limestone dust is still in sufficient excess to 
prevent a dust explosion from originating or propagating in these zones. 
It has the further advantage that the limestone dust is sticking to the ribs 
and roof so that it has the effect of whitewash, making it easy to illuminate 
the entry, which in itself is an element of safety. So far the test gives indi- 
cations that the cost will be less than by the previous method of watering 
supplemented by calcium chloride; and judging from the rest of the mine 
it is believed that conditions are much safer where the rock dusting has 
been done. 


* Received Mar. 7, 1915. 
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Some interesting tests have been conducted at the experimental mine, 
in which the rock dus't is not mixed with the coal dust but the coal dust 
is strewn on top. It makes a condition of maximum severity for the 
rock-dusting method. These tests, as yet limited in number, indicate 
that the rock dust is brought up into suspension and extinguishes the ini- 
tial explosion nearly as well as if mixed before laying through the entries. 
The proportion of shale dust to Pittsburgh coal dust must be increased 
merely from 75 to 77 per cent, in the most extreme case, using wholly fine 
coal dust 80 per cent, of which passes through a 200-mesh sieve. With 
coarser coal dust mixed with the finer coal dust, which is the practical 
condition now under test, it is thought that less than 75 per cent, of 
shale dust will be needed to neutralize the coal dust spread on top of it. 
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Coal-Dust Explosion Investigations 

BT J. TAFFANEL,* HEVIN, FKANCB 
(Pittsburgh Meeting, October, 1914) 

I AM very much impressed by this manifestation of international 
brotherhood; the mining engineers on both sides of the ocean have similar 
subjects to deal with, meet with the same diflB.culties, expose themselves 
sometimes to similar dangers; they are like companions in arms in the 
battle fought by mankind in order to subjugate the natural forces and 
to draw profit therefrom. There is no other field where this fraternity 
must manifest itself more actively than in the studies pursued with a 
view to improving the safety of mines and to rendering impossible in the 
future these mining disasters, which every year claim hundreds of victims. 
These are very difficult problems, the solution of which requires numerous 
and laborious experiments accompanied by very arduous scientific in- 
vestigations; it is extremely desirable that the various mining countries, 
which have undertaken to solve these difficult problems, should unite 
their efforts in order to succeed as soon as possible and as well as possible. 
This idea has been fully grasped by your Bureau of Mines, which has 
brought me to Pittsburgh; the daily exchange of views with the distin- 
guished chief of the mine investigation division, George S. Rice, and with 
his excellent collaborators, the comparison of the results obtained at 
Lievin and Bruceton, the checking of these results by means of new tests, 
the profound study of the measurements, diagrams, measuring and 
laboratory apparatus, the co-operative investigation of new apparatus, 
or the preparation of new investigations, are, I hope, of such a nature as 
to bring about great progress. 

I think that it will be interesting to you to know what has been done 
in Prance along this line. 

It was the Courri^re disaster which led in France, as well as in other 
countries, to the undertaking of experiments on a large scale with a view 
to investigating the danger of coal dusts. We have had in France, prior 
to 1891, numerous explosions in the mines; but beginning from that time, 
great progress has been made in the fight against firedamp in all the 
mines where firedamp was found, even if in exceptionally large quantities. 
To meet this end mine ventilation was considerably improved by modify- 
ing, when necessary, the method of working and by substituting, for 


* Director of the Government Experiment Station, Lievia, France. 
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instance, the system of complete filling of the mine excavations for that 
of partial filling or none at all; use was made of improved safety lamps, 
particularly of the double-gauze and bonneted Mar saut type; the use of 
black powder for firing shots in the coal was forbidden; the escape of 
firedamp was observed with greatest attention by making precise gas 
analyses every week and sometimes every day in ail the splits of the air 
current* Thanks to these measurements, which have already been made 
obligatory by the regulation of 1895, not a single large explosion took place 
between 1891 and 1906, and the proportion of miners killed remained 
very low, at- about one per thousand annually. 

But the development of the mines, the deepening of the workings, 
which became warmer and drier, the increase of the ventilation which 
dried up the galleries, and many other causes, have increased the dust 
danger. On March 10, 1906, at the Courriere collieries, which were 
absolutely free from firedamp, an explosion occurred which devastated 
the workings of one pit and part of the workings of two neighboring and 
connected mines and caused the loss of 1,099 lives. This disaster, the 
greatest that ever occurred in the mines of the world, has demonstrated in 
an indisputable manner the reality of the coal-dust danger. 

Thus was shown in France the imperative necessity of studying this 
danger and of investigating the means of fighting it. Contrary to what 
happened in the United States, it was not the government, but the 
Coal Owners Mining Association of France, that took the initiative 
in making these investigations and experiments, establishing the station of 
Lievin, and furnishing all the necessary funds. However, this initiative 
had the full approval of the gpvernment, and led to my appointment as 
Director, having formerly been a government mining engineer. Further, 
an administrative committee, the firedamp committee, appointed by the 
government, keeps in touch with the experiments and ratifies the results. 

The first experiments of the experimental station of Lievin were made 
in 1907 on a restricted scale; but showed that the various kinds of coal 
dusts had quite different inflammabilities, the most inflammable having 
the largest proportion of volatile matter, and that by mixing a sufficient 
amount of stone dust with the coal dust the latter could be made non- 
inflammable. 

From year to year the investigations have been continued on an ever 
larger scale. At present the testing gallery is 1,000 ft. long and has, at 
a distance of 750 ft. from the origin, a side branch of 230 ft. The 
gallery is entirely on the surface; the first 90 ft. had been made of rein- 
forced concrete in order to have a rectangular cross-section; the following 
portion up to 600 ft. from the origin is circular in cross-section, in order to 
offer the best form for increasing pressures. It is a steel tube 6 ft. in 
diameter and f in. thick. In one instance an extremely violent dust 
explosion generated in the last 30 ft. a pressure of about 280 lb. per square 
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inch and caused the destruction of this part of the gallery. The extensions 
to 1,000 ft. have been constructed of special steel plates of f, | and 1 
in. thickness. 

A branch tube connects the gallery with the ventilator, which is used 
for driving out the smoke after the explosion, and a trap-door protects 
the ventilator during the majority of the tests; it has been found, 
in fact, that even if the ventilation should have any slight influence upon 
the initial phase of the explosion, it does not have any influence on the 
propagation. 

The experimental station also has a smaller steel gallery for the in- 
vestigation of explosives. The two galleries are so arranged as to receive 
mixtures of firedamp and air in explosive proportions in an explosive 
chamber, or with a low content of firedamp in their entire length. 

There are several laboratories, one of which is specially devoted to 
the study of explosives; in addition to various apparatus met with in the 
majority of laboratories of this kind, there is an extremely rapid cinema- 
tograph established last year by the Lievin experimental station, which 
gives a complete image of the flame of the explosion for every 
sec. 

The dust explosions produced in the large gallery are investigated 
with the help of numerous apparatus, chronographs, manometers, gas- 
sampling bottles, etc., which it would take too much time to describe here; 
I shall confine myself to explaining a diagram obtained with one of 
these apparatus. One of the curves, recorded photographically, gives the 
variation of the pressure as a function of time at the point where the 
apparatus was located; the first point to be noted is the arrival, at the 
manometer, of the shock wave produced by the detonation of the ex- 
plosive; the pressure is maintained by the combustion of the dusts and 
rises in proporiton as the explosion approaches a maximum. The pas- 
sage of the flame is photographically recorded on the same film; its pas- 
sage lasts but a fraction of a second. Another curve gives the velocity of 
the air; immediately after the passage of the shock wave the air is set in 
motion in the direction of the explosion, running from the center of 
combustion; this is the “pioneering” wave which raises the dusts; this 
5rst velocity amounts to from 50 to 100 ft. per second under the conditions 
of this test, but it rises rapidly at the same time as the pressure, and attains 
1 maximum at the moment of passage of the flame; this passage, which 
/akes place a little sooner toward the center of the gallery then on the 
vail, where the recording is done, has as its effect to reduce considerably 
ihe velocity of the air and often during violent explosions to change their 
iirection; the reason thereof is to be found in the increase of volume of 
he gases in consequence of the combustion; there is, on the one hand, 

1 blast in front of the flame, waves which maintain and reinforce the 
)ioneering wave, and, on the other hand, a recoil of the burned gnsAg 
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lOward the regions where the explosion was less violent and the pressure 
vas lower; this reversion of the direction of the movement of the gases 
luring the passage of the flame is sometimes sufiflciently strong to give 
p:eat dynamic effects in a direction opposite to the direction of the ex- 
jlosion; this explains the contradictions observed sometimes in the 
nvestigations in consequence of mine accidents. 

An artificial gallery, like the one at Lievin, is easy to clean and to 
irepare, and allows of performing numerous tests at any season; in 
sertain series of tests we have been able to make one test a day; the total 
lumber of tests in the large gallery exceeds at present 1,400. We have, 
herefore, collected a large number of results. We have investigated the 
aws of development of the dust explosions, which enabled me to establish 
n 1910 the theory of explosions based on the laws of combustion and of 
he dynamics of fluids. Numerous series of tests have been made with 
he dustless or watered zones, or with the pure-dust zones, or with zones 
iontaining variable proportions of stone and coal dust; these zones of from 
500 to 600 ft. in length prove to be incapable of stopping a violent explo- 
lion. But I succeeded in 1909 and 1910 in stopping explosions, even 
he most violent, by means of arresting barriers where large masses of 
;rater or of stone dust are accumulated at the point where the combustion 
s to be stopped; these masses are set in action by the pioneering wave. 
During the last IJ years, in consequence of an explosion that occurred 
n the Clarence mine in northern France, which seems to have propagated 
tself with exceptional slowness, I have been trying to improve the arrest- 
ng barriers by increasing the quantity of the accumulated extinguishing 
naterials, by securing their setting in action even by weak pioneering 
vaves, and .by making their discharge last sufficiently long in the case 
vhen the flame arrives several seconds late. I arrived last year at a solu- 
jon which showed itself to be efficacious by means of a slow-discharging 
vater trough or tank. I have been experimenting for several months on 
joncentrated stone-dust receptacles, which so far have given me good 
•esults and will undoubtedly be soon ready to be adopted in practice. 

Some hundred tests made between 1908 and 1909 and more than 
500 tests made more recently, had as their object to investigate the rela- 
;ive capacity for propagation of various coal dusts mixed with different 
jroportions of stone dust and deposited in variable quantities in the gallery, 
n the presence of various initial explosions, with or without watering, 
with or without the presence of various firedamp contents in the atmos- 
ihere of the gallery. 

At the same time the inflammability of these dust mixtures was 
neasured by means of a laboratory apparatus which was thus calibrated 
’of the gallery tests. 

I have thus arrived at an empirical law which, with the help of the 
‘inflammator,” a laboratory inflammability-testing apparatus, gives 
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the relative degree of various dust deposits, according to the value of the 
multiple factors of the problem. 

But there is a factor whose influence it is difficult to determine by 
means of tests made in a single gallery; it is the influence of the gallery 
itself, of its sectional area, of the nature of its walls, of the arrangement of 
the orifices, blind ends, ramifications; the theory indicates that this 
influence must be considerable. It is therefore essential to make compara" 
tive tests in other galleries and to check the results of the artificial gallery 
by means of tests made in a real mine ; only tests made in an experimental 
mine, like the Bureau’s experimental mine at Bruceton, Pa., can be 
considered as giving results that can be immediately applied to practice. 
In Prance we were impressed by this question about two years ago, and 
I was able to profit last year by the abandonment of a gallery in the 
Commentry mine, where I made 16 tests which gave results that agree 
fairly well with the tentative results obtained at Lievin. They showed 
the efficacy of the arresting barriers and of the new water tanks, and they 
also showed how bends or turns in the passageways favored the stopping 
of explosions. The tests were stopped by the destruction of the gallery 
and by the intrusion of water. In three months I shall have at my dis- 
posal a new experimental field in the workings of the Montvicq mine, 
which will soon be abandoned. 

An ideal experimental mine, particularly because it is well equipped 
with recording apparatus of all kinds and is perfectly adapted to the ex- 
perimental requirements, is the Bruceton mine, whose tests the Bureau 
of Mines has kindly permitted me to keep in touch with. I have been 
extremely interested in the study of the important results obtained so far; 
I have seen with the most cordial satisfaction the advances piade by Mr. 
Eice. By means of investigations parallel to those pursued at Lievin he 
has greatly improved the method of stopping explosions, introduced new 
ideas and made arrangements which seem to be both very practical and 
very efficacious. 

It is not sufficient merely to theorize about the coal-dust danger and 
the means of overcoming it; it is necessary to introduce in a practical way 
what is suggested by the experiments. 

The majority of the dusty mines of France have made great advances 
along this line in the course of the last years. The first precautions, 
which have been taken and which are the most important, are those whose 
object it is to suppress or prevent the initial causes of inflammation: 
these are in the first place all the measures which I have indicated in the 
first part of my remarks relative to the firedamp danger; also, the exten- 
sion of the safety explosives to the dusty mines, the suppression in these 
mines of lamps with naked flames, the assignment of special employes 
to the shot firing, the recommendation of firing the shots preferably after 
or between shifts. The most important point after that consists in 
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rendering the dust deposits as little inflammable as possible over the entire 
length of the haulage roadways and of the principal arteries of the mine; 
this neutralization of the dust is rarely done through watering, almost 
always through removal of the dust followed by stone or rock dusting. 
Practice has shown that, on condition that tight cars are used, the result 
of such an operation is to maintain the proportion of ash above 60 or even 
above 70 per cent, for two, three months, or sometimes longer; if the 
inflammability tests which are made regularly in the majority of the dusty 
mines show that the ash content must be maintained above 65 per cent., 
the operation must be renewed almost every three months; with less 
inflammable coals and a less elevated limit of the ash content, the opera- 
tions of neutralization could be made at longer intervals. 

Finally, as a third precaution, the mine sections are separated by 
arresting barriers; about 2,000 of these devices are actually installed in 
the French mines. 

Such is the organization against the dust danger, which is on the way of 
being put into practice in all the dusty mines of France, and which has 
already been put into practice where the nature of the dusts or the pres- 
ence of firedamp rendered these measures more necessary. 


VOL. L. — 38 
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Coal-Mine Explosions Caused by Gas or Dust 


BY HOWARD N. EAVENSON, GARY, W. VA. 

(Pittsburgh Meeting, October, 1914) 

In a discussion in the Transactions of the Institute (vol. xl, page 
835 el seq.) the writer gave some data about explosions of gas and dust in 
the coal mines of the United States, Canada, and Mexico, among which 
was a table showing all explosions in the countries mentioned, in which 
five or more fatalities occurred, which had been reported from Oct. 2, 
1871, to Mar. 28, 1908. Since the date of publication of this discussion, as 
opportunity has presented, this table has been extended by the addition 
of explosions occurring since that time, by including several explosions 
which occurred prior to 1871, and by adding to the list all explosions of 
gas or dust in which less than five fatalities occurred, this having been 
done by a search through the various mine reports, partly by the author 
and partly by the Librarian of the United Engineering Societies, and by 
correspondence with mine inspection officials of the various States, to 
all of whom acknowledgment of assistance is made. The accompany- 
ing list, Table I, is believed to be as nearly correct as such a statement 
can be made, and, while only extending to Dec. 20, 1912, contains all of 
the data now available in reports. 

An analysis of Table I, showing the occurrence by months of all ex- 
plosions of gas or dust, including those in which less as well as those in 
which more than five fatalities occurred, is given in Table II, 

The statements are frequently made, in technical papers, that the 
number of explosions, particularly the larger ones, is increasing more 
rapidly than the number of mines, and that the number of fatalities 
caused by mine explosions, particularly the more disastrous ones, is 
increasing faster, proportionally, than the production of coal. To in- 
vestigate the correctness of these statements Table III was prepared, in 
which the number of accidents and fatalities is taken from Table I, Tising 
those in the United States only, on account of lack of other data for Canada 
and Mexico; the production is from the records of the U.S. Geological 
Survey, and the number of mines, from 1909, from the same source; 
previous to 1909, the number of mines, for the decennial periods, was 
furnished by the U. S. Census records. 

It had been the writer’s intention to prepare similar data for European 
mines, but after considerable cSrrespondence and labor this has been found 
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impossible without convenient access to the records, which he has been 
unable to have. From the files of the Colliery Guardian, and from the 
editor of that paper, a great deal of data about British explosions was 
obtained; for the years 1889 to 1904, inclusive, the tables showing maxi- 
mum and minimum temperatures, barometer readings, etc., published 
in the Proceedings of North of England Institute of Mining and Mechanical 
Engineers, vol. xxix, et seq., gave complete data for all explosions; 
those between 1658 and 1841, inclusive, were obtained from Appendix E, 
Report of South Shields Committee to Investigate the Causes of Accidents 
in Coal Mines, by James Mather, Secretary. 

The complete list is contained in Table IV. It is believed to be cor- 
rect for those explosions in which more than five fatalities occurred, but 
is incomplete for those in which less than this number were killed. 

An analysis of Table IV, showing the occurrence of the various kinds 
of explosions by months, is shown in Table V. 

Through the courtesy of J. Taffanel, of Lievin, France, Mr. Lemaire 
prepared for the writer a list of the recorded explosions in French and 
Belgian mines, that for the French mines covering the period from 1814 
bo 1903, inclusive, no later data being available, and for the Belgian mines 
from 1887 to 1909, inclusive. 

The list of French explosions is given in Table VI, and the analysis 
showing the occurrence by months of the various kinds of explosions in 
Table VII. 

The list of explosions in Belgian mines is given in Table VIII, and the 
analysis showing occurrence by months in Table IX. 

For more convenient study, the data shown in Table III, for the years , 
since 1870, when our modern records may be said to begin, have been 
grouped into five-year periods, the results being shown in Table X. Too 
much weight must not be attached to the “Accidents per mine” columns, 
as prior to 1909 the number of mines is obtained from census reports and 
it is evident that a “mine” did not have the same meaning in each case, 
as the difference in number of mines reported in 1880 and in 1889 will 
show. The number of mines for each five-year period, of course, is inter- 
polated from the data in Table III. 

Conclusions 

From the data given, the following conclusions are evident: 

1. In North America, minor explosions, or those in which less than 
ive fatalities occurred, happen most frequently in October, November, 
December, January, and March, although nearly as many have happened 
n June as in March; those in December, January, and February are above 
;he average in fatalities, as are also those in May and July, those occurring 
n May having a slightly greater average fatality than even those of 
December. 
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Serious explosions, or those in which more than five lives have been 
lost, have happened most frequently in January, February, March, April, 
and November. Contrary to the usual belief, the number of explosions 
in December has been slightly below the average, although their intensity, 
and the number of lives lost, have been considerably greater than those 
of any other month. January, February, and May are also above the 
average in the number of fatalities per explosion. May being next to 
December in this respect. 

For all explosions of gas or dust, January, March, November, October, 
and December, in the order named, are above the average in number of 
explosions; in number of fatalities per explosion, May, December, Febru- 
ary, January, and March are above the average. For all explosions, 
therefore. May exceeds any of the winter months in number of fatalities 
per explosion. 

2. In the coal mines of the United States, the total number of accidents 
and of fatalities due to explosions of gas or dust has been steadily increas- 
ing; there has been a slight increase in the number of accidents and a more 
decided increase in the number of fatalities per million tons produced; 
the serious explosions, causing five or more fatalities each, have been 
steadily increasing in actual number and number of fatalities, as well as 
in number of accidents and of fatalities per million tons produced; the 
number of accidents per mine, both serious and total, also shows a steady 
increase. It is therefore true that we have more explosions, and more 
serious ones, both actually and in relation to our number of mines and 
production, than we had years ago. 

3. In the coal mines of Great Britain, minor explosions, so far as our 
records show, have occurred most frequently in the months of August, 
October, May, February, September, and December, while those in 
April, March, May, August, and November are above the average in 
number of fatalities per explosion. Serious explosions have occurred 
most frequently in December, October, November, and March, while 
those in June, December, July, February, and May have been of more 
than average intensity. For all explosions, August, October, December, 
February, and May are above the average in number, and December, 
June, July, February are above the average in intensity. By far the 
largest number of fatah'ties has occurred in December, June being second 
in this respect. 

4. In the coal mines of France, from 1814 to 1904, minor explosions 
have occurred most frequently in July, August, February, April, May, and 
J anuary and have been of more than average intensity in April, December, 
July, February, August, and October. Serious explosions hiive been 
above the average in frequency in August, April, July,, and March, and 
in intensity in January, September, December, July, November, and 
October. For all explosions, July, August, April, and May are above the 
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average in number, and December, January, November, July, March, 
October, and September in intensity. By far the largest number of both 
accidents and fatalities have occurred in July. 

5. In the coal mines in Belgium, 1891 to 1909, minor explosions oc- 
curred more frequently than the average in June, May, and July, and in 
March, January, February, April, and June were of more than average 
intensity. Serious explosions occurred most frequently in May, March, 
and July and were of more than average intensity in March. For all 
explosions, May, July, and June are above the average in number and 
March in intensity. By far the largest number of fatalities occurred 
in March. 


Table I. — Mine Explosions Supposed to be Caused by Gas or Dust, 
Officially Reported in North America 


Dfijto 

Place 

Fatalities 

Date 

Place Number of 

Fatalities 

1839-March 18, Black Heath, Va . 

40 

1873-Oct 10, 

Gilberton Mine, Pa . . 

1 

1854-May 15, 

Chesterfield, Va 

19 

Oct 11, 

Gilberton Mine, Pa 

1 

1855-May 19, 

Midlothian, Va ... 

42 

Nov. 10, 

Plank Ridge Mine, Pa . . 

1 

1869-Aug. 6, 

Wadlingers, Pa 

1 

Nov 26, 

Honey Brook Mine, Pa 

1 

Dec 13, 

Mine HiU Gap, Pa .... 

1 

1874-Apnl 12, 

Big Mine Run, Pa . 

1 

1870-Feb. 11, 

Norwegian Mine, Pa 

1 

April 14, 

Anchor Mine, Pa. . 

1 

May 28, 

Hein &, Glasmire 

1 

June 2, 

Tunnel No 8 Mine, Pa . . 

1 

Oct. 18, 

Phoenix No. 3, Pa 

1 

June 8, 

Ravensdale Mine, Pa. . . . 

1 

Oct 29, 

St. Clair Mine, Pa 

1 

June 23, 

Beechwood Mine, Pa 

3 

Dec. 13, 

Beechwood, Pa . . . 

1 

July 27. 

Anchor Mine, Pa 

2 

Deo 18, 

Beech wood, Pa. 

1 

Sept. 2, 

Shenandoah City, Pa. . 

1 

1871-Jaii 4, 

Forestville, Pa 

2 

Sept 26, 

Treverton Mine, Pa 

1 

Jan 4, 

Ravensdale, Pa . . . 

1 

Sept. 28, 

Anchor Mine, Pa 

1 

Jan 22, 

Revenue, Pa. 

1 

Oct 23, 

Big Mountain Mine, Pa. . 

1 

Apnl 14, 

Big Lick, Pa. . . 

1 

Oct 26, 

Mariam Mine, Pa 

1 

April 16, 

N. Philadelphia Mine, Pa 

1 

Nov 2, 

Buckville, Pa 

1 

June 2, 

Live Oak Mine, Pa 

2 

Nov. 10, 

Mine HiU Gap Mine, Pa . 

2 

June IS, 

Feeder Dam Mine, Pa. . 

1 

Dec 1, 

Girard, Pa 

1 

July 22, 

Swift Creek Mine, Pa . . 

1 

1875-Sept. 30. 

Anchor Mine, Pa 

3 

Sept 12, 

Pine Forest, Pa 

1 

Sept 30, 

Hickory Shaft Mine, Pa. , . 

1 

Sept. 26, 

Buckville, Pa .... 

2 

Oct. 12, 

Keystone Mine, Pa. . , 

1 

Oct 2, 
Oct. 3 

Otto Red Ash, Pa 

5 

Dec 5, 
Dec 12, 

EUangoan Mine, Pa . . . 
Hickory Shaft Mine, Pa 

1 

Otto Red Ash, Pa . 

1 

1 

Oct 14, 

Beechwood, Pa 

2 

Dec 13, 

Hickory Shaft Mine, Pa 

1 

1872-Jan 1, 

Montilius, Pa 

1 

1876-Jan 20, 

ForestviUe, Pa 

1 

April 10, 

Thomaston, Pa . . . 

1 

Jan 28, 

Parsons Sprmg, Pa 

1 

Apnl 17, 

Locust Run, Pa 

2 

Feb 12, 

Exeter, West Pittston, Pa 

4 

April 25, 

Otto Red Ash, Pa . 

2 

Feb 23, 

Black Mine, Pa . 

1 

Aug. 14, 

Lower Ranch Creek, Pa 

2 j 

March, 

Exeter, West Pittston, Pa 

1 

Sept 1, 

East Pine Knot Mine, Pa 

1 

May 20, 

Midlothian, Va 

8 

Sept 1, 

St. Clair Shaft, Pa . . 

1 ! 

June 2, 

Phoenix No. 2, Pa 

1 

Sept 27, 

Diamond, Pa ... 

7 

June 6, 

Phoenix No 2, Pa . .. . 

1 

Oct. 14 

Otto White Ash, Pa . 

,1 

June 8, 

Phoenix No, 2, Pa . . 

1 

Nov. 8, 

Otto White Ash, Pa 

2 

June 20, 

Phoenix No 2, Pa 

1 

Dec 12, 

Daniel Webster Mine, Pa . 

1 

July 24, 

Black Diamond, Cal. . 

6 

1873— Jan. 28, 

St. Clair Shaft, Pa 

2 

Oct 24, 

Anchor, Pa. , . ... 

1 

Feb. 27, 

Daniel Webster Mine, Pa . 

1 

Oct. 31, 

Hickory Shaft, Pa 

1 

April 29, 

New Kirk, Pa 

1 

Nov. 6, 

Hickory Shaft, Pa. 

1 

May 13, 

Intercolonial Coal Co., 


Nov. 20, 

Plymouth, Pa 

1 


N. S 

55 

Deo. 2, 

Henry CoUiery, Pa 

1 

June 8, 

Glen Dower, Pa 

1 

1877-Maroh 16^ 

, Mine HiU Gap, Pa 

2 

June 10, 
Sept 6, 

Henry Clay, Shamokin, Pa. 
Eagle Hill Mine, Pa. ...... 

10 

1 

June 9, 
1878-Jan. 15, 

WarleaviUft, Pa 

7 

Potts CoUiery, Pa jt . 

5 
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Mine Explosions — Continued 


Date 

. Number of 

Fatalities 

Date 

Number of 
Fatalities 

lS78-Feb 28, 

Preston Colliery, Pa . . 

1 

1884-Dec 8, 

Henry Clay No 1, Pa. . . . 

4 

April 8, 

Keystone, Pa . . 

2 

1885-Feb 2, 

Savanna, I. T 

6 

May 21, 

Sydney, NS.. 

5 

Feb 17, 

Hillman Vem, Pa. 

2 

June 15, 

Short Mt. Slope, Pa 

1 

Feb IS, 

Vale CoUiery, N S 

13 

Nov. 15, 

Mernam Colliery, Pa 

1 

June 4, 

No. 4 Slope, Nanticoke, Pa 

3 

Nov 21, 

SuUivan, Ind 

8 

Oct 21, 

Plymouth, Pa 

6 

1879-Jan 1, 

Beechwood, Pa . 

1 

1886- Jan 13, 

Almy, Wyoming 

13 

* March 4, 

Hausoh Creek, Pa 

2 

Jan 21, 

Newburg, W Va 

39 

May 28, 

Wyoming, Pa . . 

1 

March 8, 

Uniondale, Pa. . . . . 

7 

June 20, 

Mill Creek, Pa, ... 

6 

Aug 30, 

Fair Lawn Colliery, Pa . . 

5 

July 21, 

Beechwood, Pa 

1 

Oct 28, 

Greenndge, Pa 

1 

Oct, 2, 

Thomaston, Pa. . 

1 

Nov. 26, 

Conyngham, Wilkes-Barre, 


Nov 6, 

Audenreid, Pa 

6 


Pa 

12 

1880-April 8, 

Preston No. 2, Pa . . . . 

1 

1887-Apnl 2, 

Slope No 3, Luzerne Co , 


May 3, 

Henry Clay Shaft, Pa 

1 


Pa 

1 

May 3, 

Lykens Valley Slope, Pa . . 

5 

April 4, 

Savanna, IT 

18 

Nov 27, 

Cameron, Pa 

1 

June 23, 

Slope No 4, Luzerne Co., 


1881-Jan 8, 

Diamond Colhery, Pa .... 

1 


Pa 

3 

Jan. 14, 

Twin Shaft, Pittston, Pa 

1 

Oct. 26, 

Nottingham, Pa .... 

1 

Feb. 10, 

Robbins, Ohio 

6 

1888-March 29 

Rich Hill, Mo 

26 

March 4, 

Almy, Wyoming 

38 

Nov 5, 

Starkville No 2, Colo. . . . 

2 

March 5, 

Shaft No. 2, Nanticoke, Pa 

6 

Nov. 7, 

Kettle Creek, Pa 

17 

April 11, 

Van Storch Slope, Provi- 


Nov 9, 

Frontenac, Kan 

40 


denee. Pa 

1 

Deo. 3, 

Newcastle, Colo . 

3 

May 7, 

Central Shaft, Hyde Park, 


Dec. 10, 

Coal Creek No. 2, Colo. . . . 

2 


Pa 

1 

1889-Jan 23, 

Slope No. 4, Nanticoke, Pa. 

2 

Sept. 5, 

No. 4 Shaft, Pa 

2 

Feb. 6, 

Shaft No l,£dwardsdale,Pa 

1 

1882-Feb. 3, 

hlidlothian, Va 

32 

April 14, 

No. 3 Colliery, W. Nanti- 


March 25, Laurel Run Slope, Pa 

1 


coke. Pa 

2 

May 24, 

Kohfnoor Colliery, Pa ... 

5 

April 23, 

Shaft No 2, Nanticoke, Pa. 

1 

June 15, 

Stanton Air Shaft, Pa. . . . 

2 

May 10, 

Powers Mine, Pa 

4 

July 31, 

West Penna., Pa 

1 

June 10, 

Greenridge Slope, Pa 

1 

Sept. 5, 

Wyoming Shaft, Pa 

1 

July 24, 

Central Shaft, Scranton, Pa. 

2 

Sept. 6, 

Conyngham, Pa 

2 

Aug. 22, 

Olyphant No 2, Pa . .. 

4 

. Sept 25, 

Dodson Shaft, Pa 

2 

Sept. 2, 

Jersey No. 8, Ashley, Pa. . . 

1 

Oct. 27, 

Pine Ridge Shaft, Pa 

2 

1890-Jan 29, 

Como No. 6, Colo 

1 

Nov. 20, 

Mahanoy City, Pa 

1 

Feb 1, 

Nottingham Colliery, Pa. . . 

8 

1883~~Jan 9, 

Coulterville, 111 

10 

Mar 3, 

Shaft No 3, S. Wilkes- 


Jan 15, 

Packer No 4, Pa . 

3 


Barre, Pa 

8 

Feb. 26, 

Mt Pleasant Slope, Scran- 


April 2, 

Slope No 4, Nanticoke, Pa. 

5 


ton, Pa 

1 

May 15, 

Jersey No. 8, Ashley, Pa. . 

28 

March 12, W Penn, Pa 

1 

May 17, 
July 26, 

Empire, Pa 

2 

March 22, Packer No 2, Pa 

2 

Lincoln, 111 

1 

April 19, 

Keystone Colliery, Pa. .... . 

4 

Sept. 14, 

Shaft No. 4, Edwardsdale, 


May 4, 

Dorrance, Pa 

2 


Pa 

1 

May 9, 

No 2 Shaft, Nanticoke, Pa. 

1 

1891-Jan. 2, 

Staunton, 111 

1 

May 21, 

Mineral Spring, Pa 

2 

Jan. 3, 

Centralia, Pa. 

1 

May 23, 
May 24, 

Cameron Colhery, Pa. . . 

Fair Lawn Slope, Scranton, 

1 

Jan. 14, 

Centralia No. 1, Nanticoke, 
Pa 

2 


Pa 

3 

Jan 14, 

Luke Fidler, Pa 

2 

June 5, 

Luke Fidler Colliery, Pa . . 

1 

Jan 15, 

Bast, Pa 

1 

July 23, 

No. 1 Shaft, Nanticoke, Pa 

1 

Jan 15, 

Lincoln, 111 

2 

Oot. 29, 

No 7 Shaft, Pa 

2 

Jan. 21, 

Marissa, 111 

3 

Nov. 5, 

Enterprise, Pa 

1 

Jan 27, 
Feb 21, 

Mammnthj Pft ^ t - * 

109 

125 

Deo. 13, 

Eagle Shaft, Pittston, Pa. . 

1 

Spnnghill Mines, N. S 

1884-Jan 24, 

Crested Butte, Colo 

59 

May 7, 
May 8, 

Ocean, W. Vfl,a , i- - . - 1 

4 

Feb 21, 

Leisennng, No. 2, Pa . . . 

19 

No. 10 Colliery Lehigh 0. 


March 13, Pocahontas, Va 

114 


& N. Co., Pa 

4 

April 14, 

Lovedale, Pa 

2 

1 Aug 3, 

West Fairmont, W, Va 

1 

May 30, 

Tunnel, Pa 

1 

Aug. 20, 
Oct. 2, 

Nn+.f.injrbj^mj "Pf*, . . * 

1 

Aug. 20. 

Greenback, Pa 

7 

York Farm, Pa. 

1 

qpt 24, 

Youngstown, Pa 

14 

Oot. 8, 

Richardson. Pa 

7 
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Date 

Place Number of 

Fatalities 

Date 

Place Number of 

Patabties 

1891-Oct. 16, 

Merriam, Pa 

1 

1894-Dec 3, 

Dorrance, Pa 

1 

Oct 24, 

Coal Ridge Mine, Colo. . .. 

2 

1895- Jan 22, 

Sturgis, Ky 

5 

Nov. 5, 

New Boston, Pa 

1 

Feb 18, 

Bear Ridge, Pa 

5 

Nov. 8, 

Shaft No. 1, Nanticoke, Pa 

12 

Feb. 21, 

West Penn, Pa 

1 

Deo. 26, 

Cameron, Pa 

1 

Feb 27, 

White Ash Mine, N, M ... 

24 

1892-Jan 4, 

Primrose, Pa 

1 

March 4, 

Packer No. 4, Pa 

1 

Jan. 7, 

Krebs, Ind Ter 

67 

March 20, Red Canyon, Wyo 

60 

Jan. 18, 

Glendon, Pa 

3 

April 8, 

Blue Canyon, Wash .... 

23 

Jan. 22, 

Packer No. 2, Pa 

1 

April 17, 

South No 1 Shaft, Nanti- 


Jan. 30, 

Shaft No 1, Lee Vein, Pa . 

3 


coke, Pa 

1 

Feb. 20. 

Packer No. 3, Pa 

2 

May 10, 

Sopris Mme, Colo 

3 

March 9, 

Alden, Pa 

3 

July 6, 

Glen Lyon, Pa 

1 

May 10, 

Roslyn, Wash 

45 

July 9, 

T. C. I. & R. R. No. 1. Ala. 

1 

May 31, 

West End, Pa 

4 

Aug 16, 

Hammond, Pa 

1 

July 13, 

Hillman Vein, Pa 

1 

Oct. 7, 

Dorrance, Pa 

7 

July 13, 

Jersey No 8, Pa 

4 

Oct. 19, 

Kmckerbocker, Pa 

1 

July 14, 

Shaft No 1, Edwardsdale, 


Oct. 31, 

Htllman Vein, Pa 

1 


Pa 

2 

Dec. 12, 

Indian Ridge, Pa 

1 

July 23, 

York Farm, Pa 

16 

Dec 19, 

Cumnock, N. C 

39 

Sept. 28, 

Wolsen Mine, Colo 

2 

Deo. 20, 

Dayton, Tenn 

25 

Oct. 4, 

Plymouth, Pa 

1 

1896-Peb. 18, 

New Castle, Colo 

49 

Oct. 8, 

Shaft No 2, Nanticoke, Pa. 

3 

March 23, 

Berwmsdale, Pa 

15 

Nov. 8, 

Pekay Mine, Iowa 

3 

March 25, 

, Shaft No. 1, Edwardsdale, 


Dec. 21, 

Parrish, Pa 

1 


Pa 

1 

Dec. 27, 

Avondale, Pa 

3 

April 1, 

Shaft No. 9, Sugar Notch, 


1893-Jan. 10, 

Como, Colo 

24 


Pa 

2 

Feb. 14, 

Cedar Mine, Iowa 

8 

April 27, 

Alderson, Ind. Ter 

1 

March 2, 

Glen Lyon, Pa 

1 

May 10, 

Glenwood, Ohio 

1 

March 27, Shaft No. 1, Nanticoke, Pa. 

6 

May 26, 

Alderson, Ind. Ter 

1 

April 5, 

Shaft No. 4, Edwardsville, 


June 8, 

Alderson, Ind. Ter 

2 


Pa 

6 

• July ~, 

Woodward, Pa 

1 

April 7, 

Big Mt. Mine, Tenn 

5 

Aug. 11, 

Dodson, Pa 

1 

June 22, 

Susquehanna No 1, Nanti- 


Aug. 16, 

Franklin, Pa 

1 


coke. Pa 

6 

Aug. 19, 

Baltimore No. 2, Wilkes- 


Sept. 19, 

Dorranoe, Pa 

1 


Barre, Pa 

1 

Sept. 21, 

Plymouth, Pa 

6 

Oct. 29, 

Shaft No 3, S. Wilkes-Barre, 


Oct. 20, 

Shaft No. 3, Edwardsdale, 



Pa 

6 


Pa 

1 

pec. 26, 

Princeton, Ind 

7 

Dec. 22, 

Krebs No. 11, Ind. Ter 

3 

1897-Jan. 4, 

Alderson, Ind. Ter 

5 

Dec. 26, 

Nottingham, Pa 

1 

Feb. 12, 

Stanton, Pa 

1 

1894-Feb. 20, 

Indian Ridge, Pa 

1 

March 3, 

Middle Creek, Pa 

2 

March 7, 

Hillman Vein, Pa 

1 

March 3, 

William A., Pa 

2 

March 16, Lawrence, Pa 

1 

March 9, 

Dickson, Pa 

1 

March 20, Nottingham, Pa. 

2 

March 22, Lytle, Pa 

1 

May 1, 

Packer No. 5, Pa 

2 

March 23, W. Penn, Pa 

2 

May 9, 

Wimstown, Pa. 

1 

March 28, Jermyn No. 1, Pa . 

5 

May 10, 

Merriam, Pa 

1 

April 16, 

Monarch Coal Co , Ky. .... 

2 

May 14, 

Bear Ridge, Pa 

1 

May 6, 

Buttonwood, Pa 

1 

May 14, 

W. Penn, Pa 

3 

May 7, 

Auchincloss, Pa 

2 

May 28, 

Nottingham, Pa 

1 

June 12, 

Phcenix Shaft, Duryea, Pa. . 

1 

June 23, 

Girard, Pa 

2 

June 24, 

Marion, Pa 

2 

July 16, 

Wimstown, Pa. 

2 

July 20, 

Gowen, Ind. Ter 

1 

July 16, 

Henry Clay, Pa 

1 

July 26, 

Bt. Nicholas, Pa 

1 

July 24, 

Stanton, Pa 

1 

Aug. 25, 

Shaft No. 1, Edwardsdale, 


July 26, 

Phoenix No. 1, Ohio 

1 


Pa 

1 

Aug. 16, 

North Nanticoke, Pa 

1 

Sept. 3, 

Sunshine, Colo 

12 

Aug. 18, 

Maple Hill, Pa. 

2 

Sept 23, 

Packer No. 4, Pa 

3 

Aug. 24, 

Gilberton, Pa. ............ 

1 

Sept. 23, 

Shenandoah, Pa 

1 

Aug. 24, 

Shenandoah, Pa 

1 

Sept. 27, 

Alderson, Ind. Ter 

1 

Oct. 9, 

Coal Creek Mine, Wash.. . . 

4 

Oct. 2, 

Pettibone Shaft, Pa 

2 

Nov. 20," 

Blanche, W. Va 

8 

Oct. 5, 

Parrish, Pa 

3 

Nov. 27, 

Jack Oak Mine, Colo 

1 

Oct. 18, 

Harry E. Shaft, Pa. ....... 

1 
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« . T,i Number of 

Date 

Fatalities 

0*“® Patehtie, 

lS97-Oct 14, 

Kaska William, Pa 

4 

1899-Oct 23, Stanton, Pa 

1 

Nov. 16, 

Parrish, Pa 

1 

Oct 26, Alderson, I- T .... 

1 

Dec. 6, 

Clear Spring Shaft, Pa ... 

1 

Dec 9, Carbonado, Wash 

31 

Deo 27, 

Bellevue Shaft, Pa 

1 

Dec 15, Ola. I. T 

1 

1898— Jan. 5, 

Avondale, Pa 

3 

Dec 23, Sumner, Pa (Braznell).. . 

19 

Jan 17, 

Shaft No 4, Plymouth, Pa 

2 

1900-Jan 16, No 3, So Wilkes-Barre, Pa 

2 

Jan. 28, 

Alden, Pa 

1 

Jan 22, Marvine, Pa 

1 

Feb. 9, 

Dodson, Pa 

2 

Feb 19, Bottom Creek, W. Va . . . 

1 

Feb. 12, 

Gowen, IT 

1 

Feb. 21, Black Diamond, No. 14, 


Feb 14, 

Woodward No. 1, Pa .. . 

1 

Wash 

1 

Feb 28, 

Alderson, I, T 

2 

March 6, Red Ash, W. Va 

46 

Feb 28, 

Rockwood Mine, Tenn 

1 

March 9, Pancoast, Pa 

1 

March 19 

, T C I & R R. No 2, Ala 

6 

March 21, Richmond No. 3, Pa 

1 

March 22 

, Manown, Pa 

1 

March 26, Packer No 3, Pa 

2 

May 26, 

Hargrove, Ala 

2 

March 26, Hartshorne, I. T 

1 

June 15, 

Henry E. Shaft, Pa 

1 

May 1, Scofield, Utah 

200 

June 16, 

Parnsh, Pa 

1 

June 4, Warrior Penn, Pa 

1 

July 5, 

Glen Lyon, Pa 

1 

June 7, Royal Oak, Pa 

1 

July 6, 

Seneca Slope, Pa 

1 

June 8, Phoenix No. 2, Ohio 

3 

Aug 3, 

Williamston, Pa 

2 

June 12, Williamston, Pa 

2 

Aug. 15, 

Newcastle, Ala 

2 

July 9, Maxwell No. 20, Pa 

1 

Aug. 19, 

Hart-shorne, I. T 

1 

July 31, No. 6, So. Wilkes-Barre, Pa 

2 

Aug. 19, 

Maxwell, Pa 

1 

Aug 11, No 1 Shaft, Lackawanna, 


Aug 26, 

Shaft No. 1, Nanticoke, Pa. 

1 

Pa 

1 

Sept. 15, 

Shaft No. 2, Nanticoke, Pa 

3 

Aug 27, McAlester, I. T 

2 

Sept 21, 

Cameron, Pa 

1 

Sept 6, Stanton, Pa 

1 

Sept 23, 

Wilburton, I. T 

1 

Oct. 3, Shaft No. 1, Kingston, Pa . 

4 

Sept 23, 

Brownsville, Pa 

8 

Oct. 10, Panama, I. T 

2 

Got. 17, 

Forty Fort, Pa 

1 

Oct. 22, Witterville, I T 

1 

Nov. 8, 

Schovley Shaft, Pa 

1 

Nov. 1, Marvine, Pa 

2 

Nov. 26, 

Preston No. 3, Pa 

1 

Nov. 2, Berryburg, W. Va 

15 

Dec 6, 

No. 4 Shaft, Pa 

1 

Nov. 5, Hartshorne, IT 

1 

Dec 7, 

Luke Fuller, Pa 

3 

Nov 7, Alderson, I. T 

1 

Dec. 15, 

Rush Run, W. Va 

1 

Nov 9, Buck Mountain, Pa .... 

7 

Dec. 19, 

Hollenback, Pa 

1 

Nov 30, Maxwell, Pa 

1 

Dec. 23, 

Exeter, Pa 

1 

Dec. 5, Luke Fidler, Pa 

2 

Dec. 24, 

Luke Kdler, Pa 

2 

Dec. 6, Krebs, I. T. . . 

1 

lS99-Jan. 17, 

Shaft No. 5, Plymouth, Pa 

1 

Dec. 14, McAlester, I. T 

1 

Jan. 25, 

Gilberton, Pa 

2 

Dec. 18, Henry Clay, Pa 

1 

Jan 28, 

Shaft No. 1, Edwardsdale, 


1901-Jan 3, Laurel Run Slope, Pa . ... 

3 


Pa 

2 

Jan. 3, Delaware Shaft, Pa 

1 

Feb 21, 

Blocton No. 2, Ala 

5 

Jan. 3, No. 2 Colliery, Plymouth, 


March 1, 

Shaft No. 6, Plymouth, Pa. 

1 

Pa 

1 

March 9, 

Mahanoy City, Pa 

8 

Jan. 5, Cleveland No 4 Mine, Iowa 

2 

March 13, Turkey Run, Pa 

1 

Jan. 27, Coal City, 111 

1 

Apnl 21, 

Madrid, New Mexico... . 

6 

Feb 16, Union, B. C 

64 

April 22, 

Ola, I T 

2 

Feb 28, Krebs, I. T 

3 

April 27, 

Woodward No 2, Pa 

1 

March 5, Stanton, Pa 

2 

. May 3, 

Maple Hill, Pa 

1 

March 25, Gates, Pa 

4 

May 7, 

Morgan Slope, Wash .... 

1 

March 26, Wanamie No. 18, Pa 

1 

May 23, 

Cumnock, N, C 

23 

April 9, Wanamie No. 18, Pa. ...... 

1 

June 16, 

Dominion Colliery No. 4, 


April 29, Alderson, I. T 

6 


N. S 

11 

May 1.5, Chat.hfl.Tn, W Ve,. ^ 

10 

June 22, 

Maxwell, Pa 

1 

May 20, Richland, Tenn 

20 

July 24, 

Shaft No 4, Edwardsdale, 


May 27, No. 4 Shaft, Kingston, Pa.. 

1 


Pa : 

1 

June 10, Pprt Royal, Pa 

19 

July 24, 

Grindstone, Pa 

5 

July 2, Lookout Shaft, Pa 

2 

Aug. 17, 

Shenandoah City, Pa 

1 

July 29, Wilburton, I. T 

1 

Aug. 21, 

Red Star, W. Va 

1 

Aug. 16, Lance No. 11, Pa 

1 

Sept 1, 

Gaston, W. Va 

1 

Aug. 29, Dow, I. T 

1 

Oct. 9, 

Elm Grove, W. Va 

1 

Aug. 30, Sugar Notch No.’V, Pa 

1 

Oct. 23, 

Nottingham, Pa 

1 

Sept. 11, Stevens Slope, Pa 

1 
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Date 

Place Number of 

Fatalities 

Date 

Number of 

Place -o X 1 X* 

Fatalities 

1901-Sept 16, 

Spring Gulch, Colo 

6 

1903-June 30, 

Hanna, Wyo 

169 

Oct 2, 

Harry E. Shaft, Pa. . 

1 

June 30, 

Colgate, I T. 

1 

Oct. 7, 

Hartshorne, IT 

2 

July 2, 

Storrs No. 1, Pa 

3 

Oct 25, 

Buttonwood, Pa.. . . , 

6 

July 15, 

Union, B C 

16 

Oct, 30, 

Twin No. 1 Shaft, Luzerne 


Sept 30, 

Avondale, Pa. ... 

1 


Co , Pa 

1 

Oct 6, 

So Wilkes-Barre, Pa 

1 

Oct. 31, 

Parrish, Pa 

2 

Oct 9, 

Haileyville, I. T 

1 

Nov. 11, 

Labelle, Ohio 

3 

Nov. 18, 

Lehigh C. & N Co. No. 10, 


Deo 3, 

Grindstone, Pa 

3 


Pa 

1 

Deo 20, 

Ola, IT 

4 

Nov. 21, 

Ferguson, Pa 

17 

1902-Jan. 4, 

Cameron, Pa 

2 

Nov. 24, 

Century, W. Va 

3 

Jaix. 23, 

Twin Shaft, No. 2, Luzerne, 


Nov. 24, 

Henry, W. Va 

1 


Pa 

3 

Nov. 28, 

Stanton, Pa 

1 

Jan 24, 

Lost Creek, Iowa 

20 

Deo 3, 

No. 14 Shaft, Luzerne Co , 


Jan 25, 

No. 4 Shaft, Luzerne, Pa. . . 

1 


Pa 

4 

Jan 31, 

Henry Clay, Pa 

1 

Dec. 12, 

Wilburton, I. T 

1 

Feb 18, 

Hocking Mine, Iowa 

2 

Dec 18, 

Big Mountain, Pa 

1 

Feb 26, 

Haileyville, IT 

2 

Deo. — , 

Flat Top, Ala 

5 

March 6, 

Catsburg, Pa 

5 

Deo 21, 

Nottingham, Pa 

1 

March 31. Davton. Tenn ... 

16 

Dec 23, 
Dec. 30, 


1 

April 8, 

Wyoming Shaft, Pa . 

1 

Sutter, Pa 

2 

May 19, 

Coal Creek (Fraterville) 
Tenn .,. 


1904-Jan 5, 
Jan. 5, 


2 

184 

Auchincloss, Pa 

1 

May 20, 

Colgate, I. T 

2 

Jan 8, 

Crows Nest, B C . 

7 

May 22, 

Fernie, B, C 

125 

Jan 15, 

Corbin, Pa ... . ... 

3 

July 10, 

Rolling Mill Mine, Johns- 


Jan 25, 

Harwich, Pa.. . . ^ .. 

178 


town, Pa 

112 

Jan 25, 

Foster Mine, Iowa 

2 

July 27, 

McCurtain, I. T 

2 

Feb 6, 

Storrs, Pa 

2 

Aug 7, 

Bowen, Colo 

13 

Feb 8, 

Buck, I. T 

2 

Sept 2, 

Mt Lookout, Pa . . 

1 

Feb 12, 

McAIester, IT 

1 

Sept, 16, 

Algoma, W. Va 

17 

Feb 24, 

HiUman Slope, Pa 

1 

Sept 22, 

Stafford,. W. Va 

6 

March 9, 

Tunnel Ridge, Pa 

2 

Oct. 1, 

Lawson, Wash 

11 

March 14, 

, Tunnel Ridge, Pa 

1 

Nov. 2, 

Locust Run, Ohio 

3 

March 15, 

Henry No 33, W. Va 

2 

Nov. 29, 

Luke Fidler, Pa 

7 

April 6, 

No. 14 Shaft, Luzerne Co , 


Dec. 8, 

Wilburton, IT. 

1 


Pa 

1 

Dec. 27, 

Little Redstone, Pa 

4 

April 17, 

Nixon, Pa 

1 

1903'"Ja'n. 6, 

Alderson, IT.. 

1 

Apnl 20, 

Stearns, Ky 

5 

Jan 10, 

Hartshorne, I. T. . 

1 

June 20, 

Maxwell, Pa 

1 

Jan. 13, 

Bliss, Pa 

1 

June 25, 

Kangley, 111 

1 

Jan. 14, 

Packer No 4, Pa 

2 

Aug 5, 

Pittsburg & Eastern No. 


Jan. 14, 

Taylor Mine, Pa 

1 


2, Pa 

1 

Feb. 5, 

Old Forge No. I, Pa 

1 

Aug. 19, 

Short Mt., Pa 

1 

Feb. 25, 

Mahano:|i City, Pa. . 
WiIbMPtnn. T. T - 

1 

Aug. 20, 
Aug 23, 
Sept. 1, 

Burnside, Pa 

1 

March 12. 

2 

Buck Ridge, Pa 

1 

March 13, Livingston, 111 

3 

Henry Shaft, Pa 

1 

Alarch 14, 

Warrior Run, Pa 

Cardiff, III 

1 

Sept 17, 
Sept 22, 

Primrose, Pa. .' 

3 

March 15, 

5 

No 14 Shaft, Luzerne Co., 

April 13, 

Carbon, I. T 

6 


Pa 

1 

April 16, 
May 12, 

Carbon, I. T 

3 

Sept. 28, 
Sept. 30, 

Mt. Jessop, Pa . . 

Sutter, I. T 

1 

Ellangowan, Pa . 

1 

1 

May 18, 

Wilburton, Pa 

1 

Oct. 26, 

Oxford, Lackawanna Co., 


May 21, 

Pooz Mine, W. Va 

1 


Pa., . , 

4 

May 21, 

No. 14 Shaft, Luzerne Co , 


Oct. 28, 

Tercio, Colo 

19 


Pa 

1 

Nov. 10, 

Krebs, IT 

2 

May 29, 

Bliss, Pa 

1 

Nov. 15, 

Adkins, I. T 

1 

June 17, 

Warrior Run, Pa .... , , . 

2 

Nov 18, 

Crows Nest, B C 

14 

June 19, 

Blossburg, N. Hex . . 

5 

Nov 25, 

Wilburton, I T 

2 

June 22, 

Warrior Run, Pa 

1 

Dec 7, 

Burnett, Wash. . , . 

17 

June 22, 

Lehight;. <fcN. Co No. 8, 


Dec. 8, 

Penna. Mine, Northumber- 



Pa 

1 


land Co.i Pa 

1 

June 29, 

Clear Spring,, Pa 

1 

Dec 16, 

McAIester, I. T 

1 
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1904- Dec. 10, 
Dec. 29, 
Dec. 29. 

1905- Jan 20, 
Feb 14. 
Feb 17, 
Feb. 20, 
Feb. 25, 
Feb. 26. 
March 5, 
March 11, 
March 18, 
March 20. 
March 22, 
April 3, 
Apnl 3, 
April 20, 
April 20, 
Apnl 27, 
April 27, 
Apnl 30, 
May 8, 
May 15, 
June 2, 
June 19, 
June 26, 
July- 5, 
July 6, 
July 12, 
July 16, 
July 16, 

July 18, 
July 20, 
July 24, 
Auff. 3, 

Aug. 19, 
Aug 25, 
Sept. 12, 
Oct. 2, 
Oct. 5, 

Oct. 15, 
Oct. 19, 
Oct. 29, 
Noy 4, 
Nov. 10, 
Noy. 15, 
Nov. 15, 
Koy. 16, 
Noy. 22, 
Noy, 23, 
Dec. 1, 
Deo. 7, 
Dec. 12, 
Dec. 13, 
Deo. 15, 
Deo, 21, 

1006-Jan 2, 

Jan 4, 

Jan 15, 


Number of 
Fatalities 
2 


Number of 
Fatalities 


Oneida No 1, Pa 

Alderson, IT 

Me Curtain, IT 

Colgate, IT 

WiUiamstown, Pa 

Shenandoah City, Pa . . . 

Virginia City, Ala 

MoAlester, IT 

Wilcoe, W. Va 

Burton No 13 Mine, Iowa 
Park Place, Pa . 

Red Ash, W. Va - . . 

, Kingston, Pa . . . 

Princeton, Ind 

Ziegler, 111 

West End, Pa 

Mt. Pleasant, Pa . ... 

Cabin Creek, W. Va , . 

Maple Hill, Pa 

Dubois, Pa 

Wilburton, I T 

Seneca, Pa 

Du quoin, 111 

Phoenix Mine, W Va. 
Hartshorne, IT... 

Harry E Mine, Pa . . . 
Vivian, W. Va ... 

No. 11 Shaft, Pa 

Buck, I. T 

Lutie, I. T 

Carlisle Mine, Fayette Co , 

W. Va 

Lance, Luzerne Co , Pa 
Victoria No. 2 Mine, W Va 
Mahanoy City, Pa . , 
Midvale Slope, Luzerne Co , 

Pa 

No. 6 Shaft, Luzerne Co , Pa. 
Phoenix Park, Pa. . 
Boston Run, Pa , . 

Brookside, Pa 

No. 14 Shaft, Pa. . . . 

Johnsville, I. T.. .. . 

Silver Creek, Pa 

Hazelkirk, Pa 

Vivian, W. Va 

Buck Run, Pa 

Penn, Pa 

Bentle 3 rville, Pa 

Hughes, I. T 

Wilburton, I. T 

Stevens, Pa 

Dianaondville, Wyo. . . 

Maxwell, Pa 

Buck Mt., W. Va 

Luke Pidler, Pa .. 

Harry E. Mine, Pa 

Mt. Lookout, Pa 

Wanamie No. IS, Pa 

Coaldale, W. Va 

No. 14 Tunnel, Luzerne Co , 
Pa 


1906~Jan. IS, 

Detroit, W. V a .... 


Jan 24, 

Witteville. I. T ... . 

14 

Jan. 29, 

Sherman, 111 . . . 

2 

Feb 1, 

Bald Knob, W Va . 

3 

Feb. 8, 

Parral, W Va ... 

.. 27 

Feb 19, 

Maitland, Colo. . 


Feb. 27, 

Piper, Ala 

.... 12 

March 3, 

Midvale Slope, Luzerne Co , 


Pa 

1 

March 4, 

Packer No. 3, Pa 

.... 1 

March 21 

L. C. & N Co No. 10, Pa. 1 

March 22, Century, W Va .... 

. 23 

Apnl 10, 

Penn No 10, Cambria Co , 


Pa 

... . 1 

Apnl 22, 

Cautro, Colo 

... 19 

May 7, 

Storrs, Pa 

1 

May 14, 

Pamsh, Pa 

. 2 

June 9, 

Alaska, Pa 

. . . 1 

June 11, 

Nesquehomng No 1, 

Pa. . 1 

June 12, 

Richards, Pa 


June 18, 

Piney No 1, W. Va 

. .. 1 

June 19, 

Avondale, Pa 

. . 1 

June 21, 

Jamison No. 3, Pa 

... 1 

July 2, 

Keystone, W Va.. 

. . 4 

July 16, 

Cameron, Pa 

1 

July 19, 

Huger, W Va 

4 

July 20, 

Nottingham, Pa 

3 

Aug 1, 

Warnor Run, Pa 

. . 1 

Aug 6, 

North Shaft No. 7, 

Pa . 6 

Aug. 21, 

Vulcan, Pa 

2 

Aug 23, 

Sugar Notch, Pa . 

... 2 

Sept 6, 

Johnson City, 111 . 

. . 1 

Oct 2, 

Muhlenburg Co , Ky 

. . 1 

Oct 3, 

Pocahontas, Va. . . . 

36 

Oct. 5, 

Blossburg, N Mex 

... 10 

Oct. 12. 

Exeter, Pa . ... 

1 

Oct 18, 

Nottingham, Pa. 

1 

Oct 19, 

Prospect Shaft, Luzerne 


Co , Pa 

1 

Oct. 24, 

Johnstown, Pa. . . . 

. 7 

Oct 25, 

Vulcan, Pa 

1 

Oct 27, 

Herrin, 111 

2 

Nov 7, 

Midvalley, Pa 

.... 1 

Nov. 13, 

Centia^l, Pa 

... 1 

Nov. 21, 

Central, Pa 

2 

Nov. 26, 

Palmer, Wash... .... 

.... 1 

Deo, 6, 

Woodward, Pa 

... 1 

Deo. 6, 

Bettonwood, Pa 

... 4 

1907-jran 3, 

Shenandoah City, Pa 

1 

Jan 17, 

Pine Ridge, Pa 

.. 1 

Jhn. 18, 

Harrisburg, 111 

1 

Jan. 23, 

Primero, Colo 

24 

Jan. 26, 

Penco, W. Va 

12 

Jan. 29, 

Fayetteville, W. Va . 

85 

Jan. 29, 

Nottingham, Pa 

1 

Feb. 4, 

Thomas No. 26, V. Wa . . . . 25 

Feb. 12, 

Lansfoxd No. 4, Pa. . 


March 2, 

Holden, Pa 


March 2, 

Woodward, Pa 

2 

March 5, 

Tunnel Ridge, Pa. . . 

1 

March 16, Tacoma, Va 

11 
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Mine Explosions — Continued 


Date 


Place 


Number of 
Fatalities 


Date 


Place 


Number of 
Fatalities 


1907- March 19, Nottingham, Pa 1 

March 23, Barnum No 2, Pa 1 

March 23, Sugar Creek, Ohio 3 

Apnl 6, Pettibone, Pa 1 

Apnl 8, Locust Spring, Pa 2 

Apnl 11, Consolidation Coal Co , 

Iowa 1 

April 24, Midway, Colo 1 

April 26, Black Diamond, Wash 7 

May 1, Whipple, W. Va 18 

May 16, No. 4 Shaft, Luzerne Co , 

Pa 1 

June 17, Reliance, Pa 1 

June IS, Johnson No 1, Pa . ...... 7 

July 17, North Mahanoy, Pa... 1 

July 20, No 14 Shaft, Pa 2 

Aug. 1, Penn, Pa 1 

Aug 20, Storrs No. 3, Pa 1 

Aug 23, Franklin, Washington ... 3 

Aug. 29, Stanton No 7, Pa 1 

Sept 21, So Wilkes-Barre, Pa . . 4 

Sept 28, Mineral Spring Shaft, Pa . 1 

Sept. 30, Storrs No 1, Pa 1 

Sept 7, W. Frankfort, 111 4 

Nov. 12, Harry £). Mine, Pa . , . . 1 

Nov 14, So Wilkes-Barre, Pa . . . 1 

Nov. 27, Stanton No. 7, Pa 1 

Dec 1, Naomi, Pa . ... .34 

Dec 6, Monongah, W. Va 358 

Doc 16, Yolande, Ala. . .. 16 

Deo. 18, Darr, Pa 239 

Deo 20, Pictou Mine, Colo . 1 

Deo 23, Buck, Okla 1 

Dec 31, Carthage, New Mexico ... 11 

1908- Jau. 9, Scott, Pa 3 

Jan. 11, Harrisburg, 111 1 

Jan. 13, Conyngham, Pa 1 

Jan. 13, Woodward, Pa 2 

Jan 25, Stomngton, 111 1 

Jan 30, Bachman, W Va 9 

Jan. 31, No. 14 Shaft, Pa 1 

Feb. 7, Port Hood, NS 10 

Feb. 10, Baltimore No 5, Pa 2 

Feb. 10, South Carrollton, Ky 9 

Feb. 12, Eldorado. Ill 1 

Feb. 15, Chant, Okla 2 

Feb. 17, Eagle HiU, Pa 1 

Feb. 24, No. 14 Shaft, Pa 1 

Feb. 27, Roseta, Mexico.' 83 

March 15, Standard Mine, Colo 1 

March 24, No. 6 Shaft, Luzerne Co., 


March 28, Hanna, Wyo * . . . 59 

March 31, Oakdale Mine, Colo 1 

March 31, Sugar Notch No. 9, Pa 1 

April 8, Wm, Penn, Pa 2 

April 14, Champion Mine, Colo 1 

April 18, Woodward, Pa,. 2 

April 23, Ellsworth No. 1, Pa 1 

May 11, No. 7 Colliery, Luzerne Co , 

Pa 4 

May 12, Mt. Lookout, Pa 12 


1908- May 23, Otto, Pa 2 

May 27, Salineville, Ohio 3 

June 19, Ellsworth No. 1, Pa 3 

July 8, Lance No 11, Pa . ... 1 

Aug. 12, Agnes, Washington Co., Pa 1 

Aug 28, Packer No. 2, Pa 2 

Aug. 31, Brewer, Okla 1 

Sept 1, Nonpareil Mine, Colo 1 

Sept 3, Shenandoah City, Pa 2 

Sept. 8, Coaldale No. 1, Pa 1 

Sept. 17, Sugar Notch No. 9, Pa ... . 1 

Sept 26, Hartshorne, Okla 1 

Oct. 7, Phcenix Park, Pa 2 

Oct 8, No. 14 Shaft, Lazeme Co , 

Pa 1 

Oct. 14, Carbonado, Wash . . . . 1 

Oct. 22, Packer No 3, Pa 1 

Oct 29, Short Creek, Ala 6 

Oct 31, Wilburton, Okla 1 

• Nov. 5, Rend City, 111 4 

Nov. 6, Buck Mt , Pa 1 

Nov. 9, DeRush Mine, Colo 1 

Nov. 9, Oxford, Pa 1 

Nov. 10, MaxweU No. 20, Pa 1 

Nov. 13, Woodward, Pa 1 

Nov. 18, Shenandoah City, Pa 1 

Nov. 19, Rend City, 111 3 

Nov. 23, Black Diamond, Pa 1 

Nov 28, Marianna, Pa 154 

Dec 29, Lick Branch, W. Va . . . . 54 

1909- Jan. 10, Ziegler, 111 26 

Jan 12, Lick Branch, W. Va 69 

Jan. 19, Chancellor, Colo 6 

Jan. 25, Boswell, Pa 5 

Jan, 29, Sewickley, Pa 2 

Jan. 29, N. W I. & S Co , Wash. . . 2 

Feb. 2, Short Creek, Ala 18 

Feb. 9, Ziegler, 111 3 

Feb. 16, West Frankfort, 111 . ... 4 

March 2, No. 14 Shaft, Luzerne Co., 


March 20, Evansville, Ind 6 

March 23, Silver Creek, Pa. 1 

March 29, Coahuila, Mexico 35 

March 31, Beury, W, Va 6 

April 7, Coast Coal Co., Wash 1 

April 9, Windber, Pa 7 

April 13, Superior Mine, Ind 20 

Apnl 15, Air Shaft No. 3, Marion Co., 

W. Va 3 

May 1, No. 6 Mine, Luzerne Co , 

Pa 1 

May 7, No. 6 Mine, Luzerne Co , 

Pa 1 

May 22, Gilberton, Pa 1 

June 2, Richards, Pa 1 

June 3, Biohards, Pa 1 

June 3, Lytle, Pa 1 

June 16, No. 8 Colliery, Schuylkill 

Co., Pa 1 

June 18, Spring Brook, Pa 1 

June 23, Wehrum, Pa 21 
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Date 


Place 


Number of 
Fatalities 


Date 


Place 


Number of 
Fatalities 


1909- June 23, Nottingham, Pa 2 

July 6, ToIlerviUe, Colo 9 

July 2, Grayson, 111 2 

July IS, Newcastle, Pa 1 

July 19, Revere, Pa 1 

Aug 18, Richards, Pa 1 

Aug. 30, No. 8 Colliery. Schuylkill 

Co., Pa 1 

Sept. 10, Nottingham, Pa . . ... 1 

Sept. 16, Parral, W. Va 1 

Sept 29, W. Eureka No. 7, Pa . . 1 

Oct. 3, Roslyn, Wash. 10 

Oct 5, Nanaimo, B. C 30 

Oct. 11, Sesser, 111 1 

Oct. 21, Hartahorne, Okla . . 10 

Oct 31, Franklin No 2, Cambria 

Co , Pa 13 

Nov. 2, Maple BhU, Pa 1 

Nov. 5, Prospect, Pa 1 

Nov. 17, Lance No. 11, Luzerne Co , 

Pa 1 

Nov. 17, Reliance, Pa 1 

Nov. 21, West Frankfort, 111 . . . 1 

Nov. 29, Johnson City, 111. . . . 1 

Dec. 11, Claj.Ky . 7 

Dec 23, Herrin, III 8 

Deo 27, Centralia, lU . 4 

1910- Jan. 11, Nottingham, Pa. .. . . 7 

Jan. 17, Ernest No 2, Pa . . 5 

Jan 20, Woodward, Pa .. . - 1 

Jan. 31, Pnmero, Colo . . 75 

Feb 1, Browder, Ky . ... 34 
Feb 2, Palau Mine, Mexico - . 67 

Feb. 3, Oxford, Pa 1 

Feb 5, Ernest No 2, Pa,. .. 6 

Feb. 8, Stearns, Ky . 6 

Feb 21, Lytle, Pa . . . 1 

Feb. 22, Pettibone, Pa 2 

Feb. 26, Christopher, 111 1 

March 2, Parrish, Pa . 1 

March 12, So Wilkes-Barre, Pa. . 7 

March 21, Lansford, Pa 1 

March 24, Allison, Pa 2 

March 25, Cambria, Okla 4 

March 31, Wilburton, Okla 6 

March 31, Maxwell No. 20, Pa 1 

April 20, Mulga, Ala 40 

April 21, Amsterdam, Ohio 15 

May 6, Palos, Ala 83 

May 28, St. Nicholas, Pa 1 

June 15, Eddy Creek, Pa 2 

June 15, So. Wilkes-Barre No. 6, Pa. 1 

June 23, Woodward, Pa . . 1 

July 1, Kaska William, Pa 1 

July 2, Mt. Lookout, Pa. 1 

July 6, Wanamie, Pa . 1 

July 11, Ewen, Pa 1 

Sept 9, Ewen, Pa 1 

Sept. 30, Palau No. 2 Mine, Menor, 

Mex 78 

Oct. 3, Roslyn, Wash 10 

Oct. 8, Starkville, Colo 56 


1910- Oct 13, Bliss, Luzerne Co., Pa . . . 2 

Nov. 4, Yolande, Ala 5 

Nov 6, Black Diamond, Wash ... 16 

Nov. 8, Delagua, Colo 79 

Nov 11, Panama, 111 6 

Nov 25, Providence, Ky 10 

Nov. 14, Greeno, Va 11 

Nov. 14, Middleton Mine, W. Va . . 2 

Nov. 26, Grayson, 111 2 

Nov 28, Antlers, Okla 13 

Dec. 9, Bellevue Mine, B. C.. .. 31 

Dec. 13, Ravensdale, Wash 2 

Dec. 18, Harrisburg, 111 1 

Dec 19, Consolidation No. 47, W. 

Va 2 

Dec. 23, Herrin, 111 8 

Deo 27, Centralia, 111 4 

Dec 29, Wick Haven, Pa 1 

1911- Jan 3, Sydney No 3 Mine, Nova 

Scotia 8 

Jan 20, Carbon Bbll, Va 5 

Jan. 25, Pittston, Pa 6 

Feb 9, Cokedale Mine, Colo 17 

March 18, West Mineral, Kan 5 

April 8, Banner iline, Ala 128 

April 14, Herrin, 111 1 

April 24, Elk Garden, W. Va 23 

May 27, Cameron Mine, Pa . . 5 

July 15, SykesviUe, Pa 21 

Aug 1, Standard Mine, W. Va 4 

Oct 23, Harrisburg, 111 9 

Nov 9, Adrian Mine, Pa 8 

Nov 18, Bottom Creek Mine, W. Va 18 

Dec. 9, Briceville, Tenn 84 

1912- Jan 9, Plymouth, Pa 6 

Jan. 13, Windsor, Mo 2 

Jan. 15, Regal Mine, Iowa 2 

Jan. 17, Central City, Ky 5 

Jan 20, Susie, Wyo 5 

March 7, Merritt, B. C 7 

March 10, Johnson City, 111 ... 1 

March 20, McCurtain, Okla 74 

March 26, Jed, W. Va 83 

April 15, Tacoma, Wash 1 

April 21, Madisonville, Ky,. 5 

Apnl 23, Panama, III 2 

June 18, Hastmgs, Colo 12 

July 11, Moundsville, W. Va ..... . 8 

July 16, Carbon Hill, Va 8 

July 17, So Wilkes-Barre, Pa 4 

July 24, D. & H. No. 2, Pa 2 

Aug 13, Abernant, Ala 18 

Aug. 30, Piedmont, Colo 2 

Sept. 16, Coral, Pa 1 

Oct. 1, South Canon, Colo 2 

Oct. — , Oak Hill Mine, Ind 2 

Oct. 25, Mayer Coal Co., Iowa 2 

Nov. 8, Simpson, Colo 1 

Nov. 16, Clifton hline. 111 1 

Nov. 22, Peona, W. Va 2 

Dec 20, Taylor Mine, Pa 2 
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Table III . — Production in Short Tons and Fatal Accidents Caused by Ex- 
plosions of Gas and Dust in Coal Mines of United States 


Year 

Production 

Accidents 

Fatalities 

Acci- 
dents pel 
Million 
Tons 

Fatali- 
ties per 
Million 
Tons 

1 

Accidents in which 5 or more 
Fatalities Occurred 

Mines 

Average 

Pro- 

duction 

Per 

Mine 

Num- 

ber 

Fatahties 

Acci- 
dents per 
Million 
Tons 

Fatah- 

ties 

Per 

Million 

Tons 

1820 

3,450 




. 







1821 

1,322 


. . . 










1822 

58 583 










. . . 

1823 

68,563 











1824 

80,725 










. 

1825 

117,988 











1826 

147,914 











1827 

172,151 










. . 

1828 

195,908 


. 







. 


1829 

240,086 










1 

1830 

320,072 


. 

i 






1 


1831 

337,942 









1 


1832 

594,050 



1 







1833 

734,657 




. 




i 

1834 

600,515 




. . .. i.. 

* 




1835 

824,854 



. . . 

.. ' . 




[ . 1 

1836 

984,832 





j * 




1837 

1,253,651 




. 

■ 




1838 

1,355,527 


1 


. 





.... 

1839 

1,560,360 

1 

40 

0 64 

26 6 

1 

40 

0 64 

25 6 


1840 

2,070,039 

. 









1841 

2,291,141 

. . . 




1 1 


... , . . » 

1842 

2,610,057 



. . 


. ! . . 


, . . . J . . 

1843 

3,060,874 





1 


•• • 

’ 

1844 

3,681,262 





1 



1845 

4,309,904 



1 


1 


. . 

1846 

4,865,522 



} 

i •• 




... 

1847 

5,286,067 



i .. 




. 

1848 

5,773,974 



1 .. . 


1 . 



1849 

6,448,831 



1 





1850 

7,018,181 



1 

. . . 



510 

12,539 

1851 

8,734,625 








1852 

9,816,664 





' 


i 

. 

1853 

10,570,288 









1854 

11,977,102 

1 

19 

0 08 

1 51 

1 

19 

0 08 

1.51 



1855 

12,926,673 

1 

55 

0 08 

4 27 

1 

55 

0 08 

4 27 



1856 

13,546,925 







. ... . . . . 



1857 

13,340,189 



. 

. . . . 






1858 

13,974,478 










1859 

15,633,175 










1860 

14,610,042 







.... . .. 

622 

23,045 

1861 

16,488,012 










1862 

17,485,835 







1 



1863 

21,319,062 







1 



1864 

23,605,123 







1 



1865 

23,792,173 







. ... 1 



1866 

29,003,583 












1867 

30,724,422 











1868 

32.861,960 











1869 

32,904,360 

2 

2 

0 06 

0,06 







1870 

33,035,580 

6 

6 

0 IS 

0.18 





1,566 

20,986 

1871 

46,885,080 

13 

21 

0 28 

0.45 

1 

5 

0.02 

0.10 

1872 

51,453,399 

11 

21 

0.21 

0,41 

1 

7 

0.02 

0.14 



1873 

57,602,480 

10 

20 

0.17 

0.35 

1 

10 

0 02 

0.18 



1874 

52,605,920 

14 

18 

0.26 

0.34 







1875 

52,348,320 

6 

8 

0.12 

0.15 







1876 

55,280,000 

16 

31 

0.30 

0 58 

2 

14 

0 04 

0.26 
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Table III. — Continued,. 


Year 

Production 

Accidents 

Fatalities 

Acci- 
lents per 
Million 
Tons 

Fatali- 
ties per 
Million 
Tons 

Accidents m which 5 or more 
Fatalities Occurred 

Mines 

Average 

Pro- 

duction 

per 

Mine 

Num- 

ber 

Fatalities 

Acci- 
dents per 
Million 
Tons 

Fatali- 

ties 

per 

Million 

Tons 

1877 

60,601,760 

2 

9 

0.03 

0.15 

1 

7 

0 02 

0,12 



1878 

67,955,600 

6 

18 

0,10 

0 31 

2 

13 

0 04 

0.22 



1879 

68,105,799 

7 

17 

0 10 

0 25 

2 

11 

0.03 

0.16 



1880 

71,481,670 

4 

8 

0.06 

0.11 

1 

5 

0 01 

0.07 

3,294 

21,701 

1881 

85,881,030 

8 

56 

0 09 

0.65 

3 

50 

0 04 

0.58 



1882 

103,551,189 

10 

49 

0.10 

0 47 

2 

37 

0.02 

0.36 




1883 

115,707,525 

16 

36 

0 15 

0 31 

1 

10 

0.01 

0.09 



1884 

120,155,551 

8 

220 

0,07 

1 83 

5 

213 

0 04 

1.77 



1885 

111,160,295 

4 

17 

0 04 

0 16 

2 

12 

0 02 

0 10 

. . . 


1886 

113,680.427 

6 

77 

0.05 

0.68 

6 

76 

0 04 

0,67 



1887 

130,650,511 

4 

23 

0 03 

0.18 

1 

18 

0.01 

0.14 



1888 

148,659,657 

6 

90 

0 04 

0 61 

3 

83 

0 02 

0.56 



1889 

141,229,613 

9 

18 

0 06 

0 13 





2,683 

53,578 

1890 

167,770,963 

8 

54 

0.05 

0 34 

4 

49 

0 03 

0 31 

1891 

168.566,669 

19 

156 

0 12 

0.93 

3 

128 

0 02 

0 76 




1892 

179,329,071 

19 

164 

0.11 

0 91 

3 

127 

0.02 

0.71 




1893 

182,352,774 

12 

67 

0 07 

0.37 

7 

60 

0.04 

0 33 




1894 

170,741,526 

23 

40 

0 14 

0 23 

1 

8 

0.01 

0 05 



1895 

193,117,630 

18 

200 

0 09 

1.04 

S 

188 

0 04 

0 97 

. . 

. . . 

1896 

191,986,357 

15 

95 

0.08 

0.50 

4 

77 

0 02 

0.40 



1897 

200,229,199 

27 

60 

0 14 

0 30 

3 

22 

0 02 

0 11 



1898 

219,976,267 

33 

58 

0 16 

0 26 

2 

14 

0 01 

0 07 



1899 

263,741,192 

26 

118 

0 10 

0 47 

7 

96 

0 03 

0^38 



1900 

269,684,027 

32 

309 

0 12 

1 11 

4 

268 

0 02 

1 00 



1901 

293,299,816 

30 

110 

0 10 

0.38 

6 

67 

0 02 

0 23 



1902 

301,690,439 

23 

416 

0 08 

1 38 

10 

391 

0 03 

1.30 

5,986 

50,383 

1903 

357,356,416 

41 

257 

1 0 12 

0 72 

6 

207 

0 02 

0.67 



1904 

351,816,398 

37 

268 

0 11 

0 76 

4 

219 

0 01 

0 60 



1905 

392,722,635 

63 

326 

0 13 

0.83 

13 

277 

0 03 

0.70 

.. 

. 

1906 

414,157,278 

48 

265 

0 12 

0 64 

13 

213 

0.03 

0.61 

. . 


1907 

480,363,424 

46 

899 

0 10 

1 87 

14 

854 

0 03 

1.78 

. . 


1908 

415,842,698 

62 

365 

0 13 

0 88 

6 

297 

0 02 

0.72 . 



1909 

460,814,616 

49 

295 

0 11 

0.64 

17 

249 

0 04 

0 64 

6,079 

75.804 

1910 

501,696.3;8 

48 

639 

0 10 

1 07 

21 

498 

0.04 

0 99 

6,126 

81,553 

1911 

490,601,317 

14 

334 

0 03 

'^O 63 

12 

329 

0 02 

0.67 

6,179 

79,398 

1912 

1 634,446,680 

26 

253 

0 05 

0 47 

1 10 

224 

0 02 

0.42 

6,022 

1 88,752 


Date 

1803-Sept. 25, 

1805- Oot, 21, 
Nov. 29, 

1806- Nov. 28, 

I8OS-N0V. 29, 

1809-Sept. 14, 

1812- May 26, 
Oct. 10, 

1813- July 17, 
Sept. 28, 
Deo. 24, 

1814- April 6, 
Aug. 12, 
Sept. 9, 

1815- Jujie 2, 
Deo. 18, 

1817-June 30, 


Table IV . — Mine Explosions in Great Britain 


Place 


Number of 
Patalities 


Wall’s End 13 

Hebburn 35 

Oxclose 38 

Killmgworth 10 

Harraton 4 

Killingworth 12 

Felling 92 

Barrington Mill Pit 24 

Collingwood Mam. 8 

HaUPit, Fatfield... 32 

Felling 22 

Hawdeu Pit, Percy, Mam. . 4 

Hebburn 11 

LeeJSeld 4 

Sheriff Hill 11 

Townley 1 

Bow Pit, Harraton. ....... 38 


Date 

1817-Sept. 25, 
Aug. 5, 
Nov. 3, 
Dec. 18, 

1819-July 19, 
Oct. 9, 

382X-Oct. 19, 
Oct 23, 
Oot. 23, 

1823- Feb. 21, 
Nov 3, 

1824- Oct. 6, 
Nov. 19, 

1825- July 3, 
Oct. 6, 

1826- Jan. 17, 
May 30, 


Plaee Number of 

Fatalities 

Jarrow 6 

Wall’s End 4» 

Ouston 1 

Plain Pit, Rainton 27 

Sheriff HiU 35 

George Pit, Lumley 13 

Nesham’s Newbottle 6 

Wall’s End 62 

Felling 6 

Ouston 4 

plain Pit, Rainton 59 

George Pit, Lumley 14 

Dolly Pit, Newbottle 11 

Julit Pit, Fatfield 11 

Hebburn 4 

Jarrow 34 

Townley 38 
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Date 

Number of 
Place Fatalities 

1826-Sept. 5, 

Heworth 

5 

Oct 27, 

Benwell 

2 

182S-March 15, Jarrow 

8 

Sept 1, 

New Pit, Houghton 

7 

? Nov. 20, 

J Pit, Washington 

14 

lS29-Dec. 3, 

Willington 

4 

1830-Aug 3, 

Jarrow 

42 

1831-July 9, 

King Pit, Wreckington . . 

3 

Sept. 20, 

WiUington 

7 

1833-May 9, 

Springwell 

47 

May 24, 

Great Lumley 

2 

Nov. 1, 

Black Fell 

3 

1835-June 18, 

Wall’s End 

102 

Nov. 19, 

Burden Main 

11 

lS36-Jan 28, 

Down’s Pit, Hetton 

22 

1837-Dec 6, 

Springwell • 

30 

1838-Dec. 19, 

Wall’s End 

11 

1839- June 28, 

St. Hilda 

51 

1840-June 6, 

Haswell 

1 

1841-Apnl 19, 

Bigge Pit, Willington . 

32 

Aug 6, 

Thornley 

9 

Aug. 17, 

Haswell 

1 

1842-March 2, 

West Cramhngton . . . 

1 

1843-Apnl 6, 

King Pit, Wreckington. . 

28 

1844-Jan. 18, 

West Moor 

5 

Sept. 28, 

Haswell 

96 

Oct, 15, 

Coxlodge 

1 

Dec. 1, 

SeghiU 

2 

1849-June 10, 

Ferndale, Eng 

— 

1851- March 16, Victoria Pit. . . , 

61 

May 26, 

Washington Pit, Newcastle 

2 

Aug 19, 

Washington Pit, Newcastle. 

35 

Oct 23, 

Killingworth Pit, Newcastle 

1 

Oct 31, 

Kilingworth Pit, Newcastle 

9 

Dec 20, 

Warren Vale, Yorkshire, . . . 

52 

Dec 22, 

Ince Hall, Lancashire . . . 

13 

1852-Apnl 24, 

Norley Hall, Lancashire . . 

12 

May G, 

Hebbum, Durham 

22 

May 10, 

Middle Duffryn 

66 

May 20, 

Coppull, Lancashire . . . 

36 

Deo. 22, 

Elsecar, Yorkshire . . , 

10 

1853-March 12, Risca, Monmouth , . 

10 

March 24, Arley Mme 

58 

April 26, 

Old Park, Worcestershire. . 

11 

July 1, 

Bent Grange, Lancashire. . . 

20 

1854-Feb. 18, 

Ince Hall 

89 

1866-July 3, 

Old Coal Pit, Monmouth . 

11 

July 15, 

Cymmer, Wales 

114 

Aug 13, 

Ramrod Hall, Staffordshire 

11 

May 24, 

Cyme Avon,_Glamorgan . 

12 

1857-Feb. 19, 

Lund Hill 

189 

May 27, 

Tyr Nicholas, Monmouth 

13 

July 31, 

Keys, Lancashire 

40 

185&-Feb 2, 

Bardsley 

66 

^eb. 26, 

Lower Duffryn 

19 

May 28. 

Bryndu, Glamorgan 

12 

Dec 11, 

Tyldesley, Lancashire 

25 

iSSO—Feb. 15, 

Higham, Yorkshire 

13 

March 2, 

Burradon 

76 

Aug. 3, 

Winstanley, Lancashire . . 

13 

Nov 6, 

Lower Duffryn, Glamorgan. 

12 

Dec 1, 

Risca, Wales 

142 

Dec. 20, 

Hetton Sutton, Durham. . . 

22 

1861-Maroh 8, 

Blaengwawr, Glamorgan. . . 

13 


Date 

1861- Sept 26, 
Nov. 1. 

1862- Feb 19, 
Nov. 22, 
Dec. 8, 

1863- MarcL 6, 
Oct. 17, 
Dec. 9, 
Dec. 26, 

1865- June 16, 
Dec 20, 

1866- Jan. 23, 
May 4, 
June 14, 
Oct. 31, 
Dec 12, 
Dec 13, 

1867- Aug 20, 
Nov 8, 
Nov. 11, 

1868- Sept 30, 
Nov 25, 
Dec 26, 

1869- Apnl 1, 
June 10, 
July 21, 
Oct. 22, 
Nov. 16, 

1870- Feb 14, 
July 7, 
July 23, 
Aug 19, 

187Wan. 10, 
Peb. 24, 
March 2, 
Sept 6, 
Oct 25, 

1872- Peb 14, 

March 28i 
Oct. 7, 

1873- Feb. 18, 

1874- April 14, 
April 18, 
Nov. 20, 
Dec 24, 

1875- Apnl 30, 
Dec 4, 
Dec. 6, 
Dec. 6, 
Dec. 16, 

1876- Deo. 18, 

1877- Jan. 23, 
Feb. 7, 
March 10, 
Oct. 11, 
Oct 22, 

1878- March 8, 
March 12, 
March 27, 
June 7, 
Sept. 11, 

1879- Maroh 4, 


Place 


Continued 

Number of 
Fatalities 
South Mostyn, Flintshire... 10 
Shevington, Lancashire . . 13 

Gethin, Glamorgan ... 47 

Walker, Northumberland. . 16 

Edmunds Main, Yorkshire 59 
Coxlodge, Northumberland 26 


Morfa 39 

Wynnstay, Denbigh .... 13 

Lleynoi, Glamorgan 15 

Bedwelty 26 

Cethin Cyforthfa, Glamor- 
gan 84 

High Brooks, Lancashire. . . 30 

Garswood Park, Lancashire. 12 

Victoria Pit 38 

Palton ... 24 

Oaks Colliery 361 

Talk O’The Hill 91 

Garswood 14 

Femdale, Wales 178 

Homer Hill, Staffordshire. 12 
Wynnstay, Denbigh. ... 10 

Hindley Green 62 

Haydock, Lancashire. . 26 

Highbrooks 37 

Ferndale, Glamorgan . . . 53 ^ 

Haydock 69 

Newbury, Somerset .... 11 

Low Hall, Lancashire .... 27 

Morfa, Glamorgan 30 

Silverdale, Staffordshire. ... 19 

Charles Colhery 19 

BTyoxi Hall 20 

Benishaw 20 

Pentre 38 

Victoria, Monmouth .... 19 

Moss Pit 70 

Seaham 26 

Maesteg Marthyr, Glamor- 
gan 11 

Lover’s Lane, Lancashire . . 27 

Morley 34 

Talke, Staffordshire . . . . 18 

Dunkinfield 64 

Ince Hall, Lancashire 16 

Rawmarsh, Yorkshire 23 

Bignall Hill, Staffordshire . 17 

Bunker’s HiU 43 

Tredegar, Monmouth 23 

Llan, Glamorgan 16 

Swaithe Main 143 

Mons Colhery — 

South Wales, Monmouth. . 23 

StonehiU, Lancashire IS 

Foggs, Lancashire 10 

Wiegfach, Glamorgan 18 

Pemberton, Lancashire 36 

Blantyxe 207 

Barwood Colliery. 17 

Unity Brook 43 

Apedale, Staffordshire 23 

Haywood^ Wood. 189 

Aberdame, Monmouth 268 

Victoria, Yorkshire. 21 
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Number of f . 

Place -n i. 1 X Date 

Fatalities 

►mas 63 1890--Aug. 28, 


1879“Jaii 13, Dmas 63 1890-Aug. 28, 

July 2, Blantyre ' . 28 

ISSO-Jan. 21, Leycett Colliery. ... '. . . . 62 Aug. 30, 

July 15, Risca, Wales 120 Sept 8, 

Sept. 8, Seaham 164 Sept 14, 

Deo 10, Naval, Wales 101 Sept 19, 

lS81-Feb. 7, Whitfield 26 Oct. 13, 

Dec 19, Abram 48 Nov. 1, 

18S2-Feb 16, Trimdon Grange 74 Nov. 3, 

April 18, Tudhoe 37 Dec 19, 

April 19, West Stanley, Durham 13 ISCl-Jan 7, 

April 26, Whitehaven, Cumberland. . 4 

May 2, Baddesley 23 Feb 10, 

Nov. 7, Claycross No. 7, Parkhouse, March 6, 

Derbyshire 46 March 24, 

1883-Oct. 18, Wharncliffe 20 April 2, 

Nov. 7, Altham . 68 May 9, 

lS84-Jan. 27, Penygraig, Glamorgan . . 14 May 13, 

Sept. 6, Hall End, Staffordshire. . 7 May 13, 

Nov. 8, Pochin, Monmouth . 14 May 14, 

1885- March 2, Usworth 42 June 19, 

April 8, Great Fenton, Staffordshire 8 July 16, 

June 18, Clifton Hall .... . . 178 July 23, 

Aug 20, Apedale, Staffordshire ... 9 Aug 1, 

Dec 23, Mardy 81 Aug 2, 

1886- Aug 13, Woodends Pit 38 Aug. 7, 

Sept 10, Dean Lane, Somerset 10 Aug 23, 

Oct. 2, Altofts, Yorkshire 22 Aug 26, 

Dec. 2, Elemore, Durham 28 Aug. 31, 

1887- Feb, 18, Ynshir Colliery 39 Sept 10, 

May 28, Udston CoUiery 73 Oct. 1, 

1888- -Apnl 19, St. Helens, Cumberland . 30 Oct 13, 

1889- Jan. 18, Hyde 23 Nov. 11, 

Jan. 28, Dean Lane 4 Dec 9, 

Jan 31, Kirkland, Scotland 1 1892-Feb. 8, 

Feb. 25, Lower Llanmorlais, Wales 2 Feb. 10, 

March 13, Brynmally 20 Feb 19, 

March 21, Dipton 1 May 13, 

April 19, St Helens 30 May 19, 

June 27, Dairy Farm 1 June 1, 

July 9, Cwmbran, Wales 1 June 17, 

July 23, Bothwell Park No. 2, Soot- July 28, 

land 1 Aug 8, 

Aug. 17, Chell 3 Aug. 26, 

Aug. 21, Whitwood 2 Sept. 24, 

Oct, 12, Lammark No. 2, Scotland. . 1 Oct, 11, 

Oct. 16, Mossfields 64 1893-Feb. 11, 

Oct. 25, Aslmore Park 1 Feb. 11, 

Oct. 31, Saltwells 2 Apnl 21, 

Nov. 4, Hebburn A 6 May 1, 

Nov. 4, Meiklehill No. 6, Scotland 2 May 5, 

Dec. 26, Barrwood No. 1, Scotland.. 1 May 24, 

1890- Jan. 22, Glyn 5 June 30, 

Feb. 6, Llanercy, Wales 176 June 30, 

March 3, Devon, Scotland 1 July 4, 

March ID, Morfa, Wales 37 Aug. 19, 

March 24, Gilvertheld No. 2, Scotland 1 Oct, 13, 

April 4, Hallside, Scotland 1 Oct. 24, 

April 6, Broomhouse, Scotland, .... 1 Nov, 13, 

May 2, ThomcUffe 2 Deo. 2, 

May 16, Aberdure No. 9, Wales 2 Deo. 8, 

May 16, Vochriw, Wales 1 1894-Jan. 1, 

May 19, Shettom Deep Pit 1 March 23, 

June 10, Holmes, Scotland-. 1 

Aug. 2, Braioh Y Qiininer,, Wales, • 1 April 18, 


-Continued 

Number of 
Fatalities 

Malago Vale Argus Pat, 

Wales 1 

Kmneil, Scotland. ... 2 

Butterworth Hall 1 

Hanby Northwood Pit. . . 1 

Nether Croy No 1, Scotland 1 

Eastfield, Scotland 1 

Peel Hall White 1 

Raverhead 1 

Longngg, Scotland . ... 1 

Dowlais South Tunnel Pit, 

Wales 1 

Beamish Second Fit. . 2 

Oak Farm . . ... 1 

Dearham . . 1 

Apedale Sladderhill Pit ... 10 

Shelton No. 1 1 

Franch, Wales 1 

Brithdir, Wales .... 1 

Ashton Moss 2 

Llanbradach, Wales .... 1 

Llantwit Red Ash, Wales 1 

Addiewell, Scotland 1 

Ross, Scotland 2 

Haughhead, Scotland 1 

Glass Houghton, Eng ... 2 

Abarcanaid, Wales 2 

Rhos Llantwit, Wales.. . . 2 

Malago Vale 10 

Low Hall 2 

Aberdare Merthyr, Wales. . 1 

Baokworth C Pit 1 

Meiros, Wales 3 

Montagu Main . 2 

Dinnington 1 

HaU End 1 

Gadis Graig Pit, Wales. ... 1 

Coxiodge 1 

Car House 1 

Browneyside, Scotland. ... 1 

Holmes, Scotland 1 

Gartshore No. 3, Scotland . 1 

Ebbw Vale Marine, Wales. 1 

Park Slip, Wales 112 

Netherton Old 1 

Gartshore No. 9, Scotland. . 1 

Whitwick No 6 2 

Worfa, Wales 1 

Himley 2 

Sharlston 3 

Fishley 1 

Dunston 2 

Herbertshire No. 3, Scotland 2 

ButterknowJe 1 

Combo, Thornhill 139 

Hattonrig No. 3, Scotland . 1 

Camerton 2 

Elms 1 

Cowdenbeath, Scotland. . . 1 

Hem Heath 1 

Wooley 1 

Gorseinon, Wales 1 

, Ayr-Sundrum No. 3, Scot- 
land. 1 

Portland No. 6, Scotland.. . 1 
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Date 

1894-May 19, 
June 23, 
Aug. 1, 
Aug. 8, 
Aug. 9, 
Aug. 17, 
Sept 6, 
Sept, 10, 
Sept. 21, 
Sept. 26, 
Sept 27, 

Oct. 15, 
Oct 16, 

Oct 17 
Oct 25, 
Oct 27, 
Oct 27, 
Nov 10, 
Nov. 22, 

lS95-Fel). 6, 
Feb 9, 
Feb 13, 
Feb. 25, 
March 15, 
April 6, 
April 22, 
June 23, 
May 6, 
June 18, 
July 10, 
July 16, 
Aug 1, 
Aug 1, 
Aug 14, 
Sept 14, 
Oct 1, 
Nov 5, 
Oct 11, 
Nov. 21, 

1896- Jan. 13, 
Jan 11, 
Jan. 27, 
Jan. 28, 
Feb. 1, 
Feb. 4, 
Feb 10. 
Feb 29, 
March 28, 
March 30, 
April 13, 
April 27, 
April 30, 
May 6, 
June 8, 
June 15, 
June 19, 
Aug. 4, 
Aug. 17, 
Aug. 17, 
Sept. 16, 
Sept. 26, 
3^60. 3, 


Place 


Number of 
Fatalities 
3 


Allerton Main 

Albion, Wales. . . . 
Llwynpia No 3, Wales 

Bank House 

Rowley Hall. . 

Black Boy 

West Auckland . 

Radcliffe 

East Connock.. . . 

Wednesbury 

International Anthracite, 

Wales 

Cominon No 10, Scotland. 
Harecastle & Woodshutts 

Col 

Ellismuer’s No 2, Scotland 
Blair Hall, Scotland 
Common No 14, Scotland 
Sandwell Park 
Gadlys-Dyllas, Wales 
Ashmore Park . 

Timsbury 

Morlaia Vale, Wales 
Glynea, Wales 
Bwllfa Dare, Wales . 
Malago Vale . . 

Seafield, Scotland 
Heddon . . • 

Quarter, Scotland . 
Llantwit Rod Ash, Wales 
BuUfield 

Craw shays Castle, Wales 
Aberorave, Wales 
Aberdare Merthyr, Wales 
Aldridge . ... 

Pentland, Scotland 

Lea Green 

Shakerley 

Tannookside No. 2, Scotland 
Blackwell A. 

Newmarket. 

West Cannock . . 
Llanmorlais, Wales. . 
Perndale Nos 7 & 8, Wales 

Blaennant, Wales 

Foxhole, Wales.. . 

Saltwells 

Axwell Park. . - . 

Lammark No. 2, Scotland. 

, Meiros, Wales 

, Straiton, Scotland 

Brancepeth 

Swalwell 

MiSklefeld 

Birkngg, Scotland. . . • 

Carfin No 6, Scotland.. 

Bell6eld, Scotland 

Abercave, Wales 

Main Brynoooh, Wales . . 
Sough Duffryn, Wales 

Gawn 

Coxnsilloch, Scotland. . . . 

Primrose Main 

Drumsmudd^n, Scotland 


290 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

4 

2 

1 

2 

2 

1 

1 

2 
1 
1 

13 

1 

2 


Date 


Place 


57 


20 


63 


May 13, 
July 3, 
Aug 6, 
Sept. 29, 

Oct. 11, 
Nov 29, 
Dec. 10, 
Dec 20, 
I 898- Jan 28, 


March 5, 

March 31, Kinneal, Scotland 


Aug 3 
Aug. 17, 
Aug 21, 
Sept 6, 
Sept 9. 
Sept 9, 
Sept 29, 
Oct 23, 
Nov 3, 
1899-Jan 9, 
Jan 10, 
Feb. 17, 


April 4, 


Number of 
Fatalities 

. . . 1 


lS96-Dec 29, Garscube, Scotland 
1897- Jan. 5, Broadeak, Wales . . 

Mdn-ch 12, Both well Park, Scotland. 
March 18, Knowle 
April 1, Gadlys, Wales . . 

Darmgavd, Scotland 
Dalmeny, Scotland 
Raveresthrope . . . 
Drumpeller No. 3 and No 

4, Scotland 

Newliston, Scotland 
Olvecote Tamworth 
East Cannock . . . 
Blaendare 

Drumpeller Nos 3 
Scotland 
Whinney Moor 


and 4, 


Millfield. 

Rosehall, Scotland 
St Helens. 

Greasbro 

Ayr, Scotland . . . 
Thankerton, Scotland 
Annagher No 5, Ireland . . 
Nether croy, Scotland . 
South Elswick .... 
Gilbertfield No 2, Scotland 
Pumpherston, Scotland 
Walbottle . ■ . 

March 11, Cadeby Mam 

March 18, Gertshore No 9, Scotland 
Drumpeller Nos 3 and 4, 
Scotland 

Etherty Grange 

Benarty, Scotland 
Woodhall No. 1, Scotland. 

Millfield 

Ynisgeinon, Wales .... 
Brownhill . . ... 

Holytown No 5, Scotland . 
Brandon . . .... 

Wester Gartshore, Scotland 

Llesi, Wales 

Hamilton Palace No 1, 

Scotland 

Colderbank No. 1, Scotland 

Bedlington A Pit 

Point of Air 

Eixmeil, Scotland 


May 15, 
May 22, 
May 24, 
May 25, 
June 9, 
June 19, 
June 20, 
Aug. 15, 
Aug 15, 
Aug 18, 
Oct. 10, 


Oct. 26, 
Nov. 3, 
Nov. 23, 
Dec. 6, 
Dec. 25j 
Dec. 27, 
1900~Jan. 8, 
Feb. 12, 
Feb. 22, 
March 8, 


5 
1 
1 
1 
2 
1 

3 

1 

1 

1 

1 

1 

4 
1 
3 
1 
1 
2 
2 
7 
1 

3 
1 
1 
1 
1 
1 
2 
1 

1 

1 

2 

1 

4 
1 
1 
2 

6 
1 

19 

1 

X 

1 


Longriggend, Scotland 1 

Ingliscard, Scotland 1 

Middrie, Scotland 1 

Carbarns, Scotland 3 

Glespin, Scotland 1 

Hinley 1 

March 12, Pumpherston, Scotland. ... 1 

March 26, Drumbrook No. 2, Scotland 1 

March 26, Cowdenbeath, Scotland .... 1 

April 7, Cadley Hill. 2 

April 9, Walsall Wood 1 

April 12, Holytown No. 1, Scotland.. 2 

May 28, Olynhebog, Wales 2 

June 10, Clynmil Drift, Wales. ..... 1 
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Mine Explosions in Great Britain — Continued 


Date 

p, Number of 

Fatalities 

Date 

Number of 
Place _ ^ .... 

Fatalities 

1900-Aug 12. 

Tannochside No. 3, Scot- 


1903- June 10, 

Biggarford, Scotland 

3 


land 

1 

July 17, 

Bogleshole, No. 4, Scotland. 

2 

Aug. 17, 

Portland No. 5, Scotland . . 

6 

July 24, 

Garriongill, Scotland 

1 

Sept. 3, 

Kenmuirhill No. 2, Soot- 


Oct. 5, 

Westburg No. 2, Scotland. . 

1 


land 

1 

Nov. 9, 

Llwynypia No 3, Wales.. . , 

1 

Oct. 3, 

Hattonrigg Nos. 3 and 4, 


Nov. 12, 

Stargate Pit 

1 


Scotland 

1 

Deo 11, 

Braidhurst, Scotland 

2 

Oot. 9, 

Fieldhouse 

1 

1904-Jan 3, 

Saltwells No. 27 

1 

Nov. 16, 

Preston 

4 

Jan. 7, 
Jan. 19, 

St. HftlATtq 

2 

Nov. 24* 

Gilmithsoroft No. 4, Scot- 


Calder 

1 


land 

1 

March 19, 

Saltwells No. 27 

1 

Nov. 30, 

Deelmont No. 1, Scotland.. 

1 

May 16, 

Shirebrook 

2 

Deo. 3, 

Oatlands 

1 

June 13, 

Watergate 

1 

Deo. 9, 

Hamstead 

1 

June 14, 

Allanshaw No. 1, Scotland . 

2 

Deo. 28, 

Ross, Scotland 

1 

June 25, 

St. Johns 

1 

1901-Jan. 16, 

Ystradgynlas 

1 

July 25, 

Drumbow, Scotland 

1 

Jan 23, 

Kirkwood, Scotland 

1 

Aug. 23, 

Back worth 

1 

Jan. 25, 

Haughhead, Scotland. . . . 

2 

Aug. 23, 

Sneyd 

3 

Jan. 27, 

Holytown No. 8, Scotland.. 

1 

Sept. 1, 

Blantyre Ferme, Scotland 

1 

Feb. 28. 

Blaendare Slope 

2 

Sept. 6, 

Broomhouse, Scotland . . . 

1 

March 25, Dinas, Wales 

4 

Sept. 26, 

Rosehall No 14, Scotland . 

1 

April 1, 

Sandback 

2 

Oct. 2, 

SwinhiU No. 2, Scotland . 

1 

April 10, 

Orrell ' 

4 

Deo 31, 

Bo whin, Scotland . . 

1 

May 6, 

Tursdale 

1 

1905-Jan. 21, 

Elba, Wales 

11 

May 16, 

Gilmithsoroft No 3, Scot- 


March 10, 

, Cambrian Coll., Wales 

33 


land 

1 

July 11, 

Nat Coll., Wales 

119 

May 24, 

Universal, Wales 

81 

1906-June 1, 

Count Herbert, Glamorgan. 

5 

May 27, 

Talk O’The HiU 

4 

Nov 10, 

Albion, Glamorgan 

6 

June 26, 

Meiros, Wales 

1 

Dec. 17, 

Urpeth Coll 

4 

July 8, 

Stonedough 

4 

Deo. 14, 

Wingate Grange 

25 

July 20, 

Fochriw, Wales 

1 

1907-Nov 26, 

Whitehaven 

5 

Aug. 19, 

Hamstead 

2 

March 19, 

, Benwell 

4 

Aug, 26, 

New Dale 

1 

Deo 14, 

Dinas Main, Wales . . 

7 

Sept 10, 

Llanbradach, Wales 

8 

March 5, 

Genwen, Wales ... ... 

6 

Sept. 18, 

Pencoed, Wales, 

1 

1908-Jan 28, 

PantyfTynnon Coll , Wales. 

2 

Nov. 12, 

Edmondaley 

1 

Feb. 20, 

Washington Glebe 

14 

Dec. 8, 

Cornsilloch No. 3, Scotland 

2 

Feb. 26, 

Tibshelf No. 1, Derbyshire 

1 

1902-Maroh 3, 

Pemberton 

2 

Apr 19, 

Norton Hill . . . . 

10 

April 2, 
April 3, 

Garwood Hall No 9,.. .... . 

9 

Aug 18, 
Dec. 11, 

Maypole 

75 

Glenoraig, Scotland 

4 

Blaenavon CoU 

3 

April 19, 

Bernarty, Scotland 

1 

1909-Jan 19, 

Ackton Hall Coll 

2 

May 14, 

Todmorten Moor 

1 

Feb. 1 

Littleburn Coll . ... 

1 

May 21, 

Dunnington 

1 

Feb. 2, 

CalderbankNo 2, Scotland. 

1 

June 4, 

Folohriw, Wales 

8 

Feb. 17, 

West Stanley 

168 

July 4, 

Woodhorn 

3 

June 27, 

Fermegair No. 1, Scotland . 

3 

July 8 

Elba, Wales 

1 

Aug. 23, 

Old Roundwood 

1 

July 9, 

Wrexham <& Action 

1 

Oct. 1, 

Graig Merthyr, Wales . ... 

5 

July 19, 
July 26, 

Collena, Wales 

1 

Oct. 20, 

Berryhill No. 2 

' 4 

Shut End No. 13 

1 

Oct. 22, 

Caedean, Wales 

4 

July 26, 

Cleland, Scotland 

1 

Oct. 29, 

Darran, Wales 

27 

July 29, 

Darran, Wales 

1 

Nov. 8, 

Polquhairn, Scotland 

1 

Aug. 1, 

Pumpherston, Scotland. . . . 

3 

Deo. 17, 

Gurnos Coll., Wales 

2 

Aug. 15, 

Skellyton No, 3, Scotland. 

2 

1910- Jan. 19, 

Jammage Coll 

1 

Aug. 23, 

Park HiU 

1 

May 11, 

Wellington Mine, White- 


Sept. 3, 

McLaren, Wales 

16 


haven 

136 

Oot. 3, 

Blair No. 2, Scotland. ..... 

1 

July 21, 

Rotherham Main CoU 

3 

Oct. 15, 

Holmside. 

1 

Aug. 5, 

Main Coal Colhery 

2 

Nov. 25, 

Prior Lee No. 2. ......... . 

1 

Aug. 13, 

Hanmorlais Colliery, Wales 

1 

Dec. 1, 

East Plean No, 3, Scotland. . 

1 

Dec. 21, 

Pretoria Colliery, 'Bolton . 

344 

Deo. 9, 

Orrell 

2 

1911-April 12. 

Ynyscedwyn CoU., So. 


1903-Feb. 9, 

Stanrigg, Scotland 

1 


Wales 

1 

Feb. 24, 

Aldridge No. 1 

1 

April 30, 

North MotherweU CoU , 


Feb. 25, 

Darran, Wales. ........... 

2 


Scotland 

1 

Mar. 23, 

Ferndale No. 5, Wales 

1 

June 8, 

Seven Sisters, So. Wales. . , . 

1 
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Date 

Aug. 19, 
Aug. 21, 

Sept. 15, 

Sept. 16, 

Oct. 15, 

Oct. 23, 
Oct. 26, 
Nov. 3, 
Nov. 2.5, 

1912-Jan. 6, 
Feb. 2, 
Feb. 4, 


Mine Explosions in Great Britain — Continued 


Place 


Number of 
Fatalities 


Date Place 


Number of 
Fatalities 


Meildehill Coll., Scotland. . 1 

Maltby Main Coll., Don- 
caster 3 

Netherton Coll., Worcester- 
shire 3 i 

Cwmaman Coll., So. 

Wales 2 

Dechmont No. 3, ' Scot- 

' land 1 

Killan Coll.. So. Wales 1 

Annandale Coll., Scotland. 1 

Holytown Coll., Scotland.. 1 

damage Coll., No. Stafford- 
shire 6 


Feb. 24, Norton Coll., No. Stafford- 
shire 1 

Feb. 26, Ladyshore Coll., 1 

March — , Great Western Coll., Wales. 2 

March 11, Bentley Coll 3 

March 27, Navigation Coll., Wales. ... 3 

Apr. 17, Trane, Wales 4 

May 7, Littlemill Coll.,' Scotland. . . 1 

May 11, Newton Coll., Scotland. ... 2 

May IS,: Newport Coll., Monmouth- 
shire 5 

July 6, Barnsley Coll., Yorkshire. . . 3 

July 8, East Parkhead Coll., Scot- 
land 1 


Hun wick Coll., Durham. . . 1 i July 9, Cadesby Coll., Conisbor- 


Bentley Coll., Doncaster. . . 3 ough SS 

Newbottle Coll., Scotland. . 1 | Sept. 15, Dudley 1 
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Total Explosions 

Percentage 
of Total 
Explosions 

iMOeO«Or-iO«OCS|b-MeOb- 

‘Ot^coo^t'.o»ooseoooo» 

ooooor^oocofr«ot><^oooo3 



00*001 


Average Number 
of Fatalities 
per Explosion 

b-!OOii>Ooacooascooo 

THO*-Hooeocoe;i'^«3cv3b-cs» 

r-iOTflc^kOb^NOb-ecTjJeo 


17.73 

Fatali- 

ties 

cqeo6DC^oiC»oocoT^Qcoeo 

OeOtoOf-ieo<oOM»b-c4 

•^os<o»or-oooeoi>.j>.cooo 

1—1 «— I 

9,788 


Num- 

ber 

COOOCOOlNr-OSOOTtllNCOlA 

COTt<'^COTt»COCO»OTi<»f5r»<‘0 

N 

lO 


Explosions Having More than Five Fatalities 

Percentage 
of Total 
Explosions 

oiN^-.eq»ocol00^^1-^o>o 

coc^ooooosoot^C'iioior- 

cooooooocD>ocor^oooa>c<i 

00*001 


Average Number 
of Fatalities 
per Explosion 

<firHOb-l'»OOCOOJO»-<0>^ 

CO»“«OCOtHOCOIO>OOSC<JI> 

«Or-IcqU3i4<t>»IOrHr4doCO 

c<j»oeoWTt<r»»oPO'^eoco?o 


42.34 

Fatali- 

ties 

0>000(M^-N0l^b-THOTH 

ocsioooowM’^’-ieooo 

C0050TH«C>000»Ob-l>«OW 
i-T iH 

9,273 


Num- 

ber 

rH00O500USC0»Or-00COiMQ0 

iHi-Hr>l?-«T-<i-li-<r-lr-»CqCS|Cq 

a> 

1— < 

C4 


Explosions Having Less than Five Fatalities 

Percentage 
of Total 
Explosions 

tHO»— tiHOi— 

eoo’Hco'coNe^cooo(NiOr-i 

<O0500c0Oi»>t^NNioJN00 

r-C 

100.00 


Average Number 
of Fatalities 
per Explosion 

1.50 

1.43 

1.66 

1.90 

1.62 

1.26 

1.58 

1.61 

1.42 

1.44 

1 60 

1.56 


1.65 

Fatali- 

ties 

CQCQU30C<IOOO<OI>0»0(N 

eo■^T^»'^*ocoeo^ocoTi^>1^^T^^ 

515 


Num- 

ber 

c^eocacsicoc»c«TP&»eociiesi ^ 

333 


Month 

January 

February 

March. ........ 

April. 

Alay 

June. .......... 

July 

August 

September 

October 

November 

December. ..... 

4 

i 

1 0 

•<1 

1 

1 
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Table VI. — French Explosions Caused by Gas or Dust 


Date 

Place Number of 



Number of 


' Fatalities 



Fatalities 

1814-Oct. 28, 

du Garston 

1 

1858— J an 20, 

Fendue 


1 

1817--June 8, 

Latour 

1 

May 29, 

Werbrauck 


2 

Aug. 7, 

Lans Nom 

1 

Aug 16, 

Cinq Sous 


2 

ISlS-Feb. 14 

des Souchettes 

1 

Aug 18, 

Delaynaud 

. , . 

1 

March 13, Latour 

1 

Oct. 2, 

de la Garenne 

. . 

1 

March 29, Latour 

1 

1859-May 14, 

du Lud 


1 

1823-Aug. 9, 

du Chanfour 

22 

1860- Apnl 6, 

Ste Marie 


15 

1826-June 29, 

St Jean de Valensole 

1 

July 30. 

Bleuse Borne 

. . 

1 

Aug. 2, 

de la Larade 

1 

Aug. 30, 

ViUars 


1 

1832-July 2, 

de TEstang 

3 

Oct. 15, 

Ernestine 


1 

Aug 2, 

St Joseph 

10 

1861-Jan. 27. 

de la Chaux . 


2 

1833-AprU 16, 

Mamby 

1 

May 26, 

du Breuil . . 

. . 

21 

Oct. 30. 

Mamby 

17 

July 2, 

Gallois 


1 

1 S34-May 29, 

du Fort de Lane 

1 

July 9, 

Ste Amehe . 


1 

1835-Aug 30, 

St Claude 

5 

July 22, 

Grangier 



3 



2 

Mn.Tfth 24. 'Rftftuvaia 


1 

July 4, 

Osmond 

4 

April 10, 

St Urbain 


2 

1837-Sept. 20, 

Osmond, 

1 

May 22, 

St. Charles 

— 

1 

1839-March 6, 

du Creusot 

1 

June 1, 

Mires 


1 



4 

Aug. 23, 

St Claude 


3 

Aug. 18, 

Charles 

15 

1863-Jan 26, 

Bleuse-Bome . . . 



3 

Sept. 4, 

Luce 

1 

May 22, 

Fendue de Villars . . 


1 

1844-Oct 15, 

du Chene 

1 

Aug. 24, 

Davy 


5 

184fi- April 16, 


1 


du Gabet 


2 

1846-0 ct 12, 

Villefosse 

1 

Oct. 28, 

Luey 

. . . 

1 

Nov. 12, 

de Ste. Barbe 

1 

1864-Feb 11, 

Monterral 


1 

1847-Sept 6, 

Fournier 

3 

1865— Jan. 30, 

Beaunier 


1 

1848-April 3, 

Fournier 

5 

Feb. 1, 

de la Chaux . 


3 



1 

Feb. 9, 

Ourenne 


39 

1849-May 7. ’ 

Abylon 

1 

July 17. 

Lacroix 


1 

June 30, 


1 

1866— April 9, 

jA-hin 


4 

Oct. 30, 

Rocbe'la-MoUere 

1 

April 16, 

Beauvais 


1 

1850-July 3, 

de Villars 

5 

1867-Aug 11, 

Fendue de Villars . 


39 

1851-March 26 

d*Avaire 

11 

Oct. 12, 

Cinq Sous. . . . .? ... 


89 

April 25, 

Cmq Sous 

6 

1 868— J an. 3, 

St. Augustin. . . . 


1 

May 9, 

St. Jean de Valeriscle 

1 

Feb. 2, 

No. 1 Ostricourt . . . 


4 

July 25. 

du Raone 

3 

Feb. 19, 

St Martin 


3 

Aug. 26, 

Marie 

1 

Aug 23, 

Monterrax No. 1 

. . . • 

5 

1852-Oot. 21. 

Luce 

1 

Sept. 25, 

No. 1 Lievin 


2 

1853-July 9, 

Raves 

9 

1869-March 19, d’Herin 


5 

July 29, 

Cinq Sous 

13 

May 21, 

Monterrax No. 2 . 


15 

Oct 30, 

Abylon 

4 

Aug. 12, 

St. Louis 


2 

1854-Jan. 8, 

Meyron . . 

1 

Aug. 21, 



19 

Feb. 6, 

du Re Sokil 

1 

Nov 22, 



3 

Feb. 6, 

Canol 

2 

1870-May 14, 



1 

July 2, 

Abylon 

12 




1 

Aug. 5, 

du Cret de Mars 

1 

July 7, 



3 

Aug. 13, 

La Respie 

4 




3 

Aug. 25, 

d'Agm Court 

6 

July 19^ 

de la Compe . . 


2 

Sept. 2, 

Marie Louise 

1 




2 

1855-Jaii. 30, 

Charles 

2 

1871-Peb. 1, 



1 

Aug 29, 

Charles 

4 

Feb. 21, 

Ste. Helene 


1 

Oct 22, 

Ravez 

29 




18 

Oct. 26, 

Hippolyte 

2 

June 19, 

Jabin 


3 

Deo. 17, 

de Ste Barbe 

1 

July 3, 



2 

1856-June 13, 

Lans Nom 

2 

Sept. 8, 



70 

July 5, 

du Cret de Mars 

1 

1872~Apnl 22, 

No, 1 Auchy-la-Tour 


1 

July 17, 

de la Garenne ... .... 

1 

Nov. 8, 

Ste. Eugenie 


41 

1857-Jan. 26 

de la Pompe 

1 

1873-Feb. 21, 

Le Chanfour 


1 

April 2, 

Marie Louise .... 

2 

Feb, 23, 

Charles 


1 

June 4, 

St. Mathieu 

3 

April 20, 

DeviUaine 


1 
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French Explosions — Continued 



Number of 



Number of 

Date 

Place 

Fatalities 

Date 

Place 

Fatalities 

1873-May 15, 

Devillaine 

1 

1884-Jan. 11, 

No 2 Ferfay-Cauchy 

. . . 


17 

June 7, 

No. 2 Auchy-au-Boia 

7 

July 24, 

Beaunier 

. . 


2 

Sept 17, 

No 3 Lens 

1 

Aug 23, 

No 1 Bully Grenay 



1 

1874-Jan. 30, 

du Raone 

1 

1885-Jan. 14, 

No 1 Lievin. . . 



28 

March 25, 

No. 4 Lens 

5 

May 21, 

de I’Arbonnet 



1 

July 23, 

Davy 

2 

June 7, 

No 1 Noaix 



3 

July 31, 

No. 2 Noaix 

2 

Aug 21, 

No 1 Courcelles-les-Lens 


10 


Reussite 

3 

1886-Feb. 27, 




1 

1875— Jan. 3, 

du Sosprat 

1 

June 24, 

St. Charles 



23 

Jan. 15, 

de Orelys 

1 

1887-March 1, 

Chatehes No. 1 



79 

April 5, 

Dolonieux . 

7 

July 10, 

Sud 



1 

May 9, 

No. 2 Auchy-au-Bois . 

2 

July 10, 

Notre Dame. . . . 



1 

July 28, 

No. 1 Auchy-au-Bois . . 

3 

Nov 16, 

Montmarte No. 2. . 



1 

Oct 22, 

Marie 

4 

1888-July 15, 

de Molieres 



1 

1876-Jan 4, 

Jabin 

186 

Aug 28, 

No 2 Ferfay-Cauchy 



2 

Dec 24, 

Malastre .... 

3 

Nov. 2, 

de Compagnac 



49 

1877-Feb. 22, 

No 1, Lievin 

3 

1889-March 15, Central 



17 

June 9, 

No 3 Lens 

1 

May 1, 

No. 1 Noaix .... 



1 

1878-Nov. 7, 

de rOuert 

1 

July 3, 

Verpellieux 



207 

1880-Feb. 7, 

No 2 Ferfay-Cauchy . ... 

1 

1890-July 8, 

Chapelon 



1 

April 5, 

du Feljas 

4 

July 29, 

Pelisnier .... 



113 

April 5, 

Bonnepart 

1 

Aug. 4, 

Pelismer. 



3 

April 29, 

de J’Scho 

2 

1891-March 3, 

de Creal 



2 

July 20, 

No 1 Flechinelle 

1 

Aug 7, 

de Compagnac 



1 

1881-April 16, 

No. 1 de la Vernade . . . 

2 

Dec. 6, 

de la Manufacture 



62 

May 25, 

No. 1 de Lampret 

1 

1896-July 9, 

Pontil 



1 

May 17, 

du Lavpiat 

8 

Sept. 25, 

No. 5 Noaix . 



1 

May 28, 

No 1 de Lampret . 

5 

1896-May 6, 

No 1 Vicoigne . . 

. 


1 

July 29 

St Mathieu .... 

4 

Aug 14, 

Beueges 



1 

Oct. 31, 

des Moronniers 

1 

Aug. 17, 

Herin 



1 

Aug 22, 

de Leforest 

1 

1897-March 6, 

No 1 Droeviert .. . 



1 

1882-April 13, 

No. 3 Lievin 

8 

April 6, 

Ste Eugeme ... 

. 


4 

Jan 28, 

des Hosiers . . . . 

1 

July 26, 

de I’Arbonnet . . . 



1 

July 12 

St Felix . 

1 

1900-May 2, 

Renard 



1 

18S3-Jan 24, 

No. 1 Courcelles-les-Lens . 

1 

June 29, 

de Creal 



1 

Feb 12, 

No 6 Lievin 

2 

Nov 12, 

No. 3 Bully-Grenay 



1 

Feb 21, 

Ourenne .... 

8 

1901-March 21, No 2 Droeviert 



4 

April 9, 

Beaunier . .... 

1 

July 19, 

de Molieres . 



9 

April 13, 

rEchirreur. . 

4 

Aug. 1, 

No. 1 Bully-Grenay 



1 

April 16, 

No. 1 Lievm 

7 

1902-Oct 15, 

No 8 de Lampret . 



8 

X 884— Jan. 5, 

Devillaine 

1 

1903-Aug. 26, 

No 2 Bully-Grenay 



2 


Table VIII . — Belgian Explosions Caused by Gas or Dust 




Date 

Place 

Number of 

Date 

Fatalities 

Fatalities 

1887-March 4, 

LaBoule, Quaregnon .... 

113 1 

1894-Sept. 9, 

Ste. Ive 


1 

1891-July 19, 

Forchies 

27 i 

1895-July 29, 

St. Alphonse 


1 

Oct. 28, 

No. 8 de la Lourire 

2 

1898-Mar. 25, 

Cinq-Gustave 



4 

1892-Feb. 27, 

Belle Vue & Bienvinne 

2 

May 25, 

Crachet No, 12. . . 



16 

Mar. 11, 

No. 3 Bois de la Haye . . . 

160 

July 3, 

No, 7 du Grand Homu . . . . 

1 

May 31, 

No. 6 D'Hornee-Wasmes. . . 

1 

Aug. 13, 

St. Arthur 


8 

1893-May 23, 

Chaivirs \ 

5 

1900-May 14, 

St. Bernard 



1 

Aug. 7, 

Chaivirs 

1 

July 12, 

Albart 


1 

Oct. 21, 

Soxhluse. 

1 

1901-April 26, 

de Buisson 


19 

1894-April 1, 

No. 7 du Gouppe 

3 

1903-June 5, 

St. Jacques 


1 

May 12, 

No. 10 de Feni-Raisin 

1 

1904— Jan. 30, 

No. 9 du Gouppe.. 


2 

May 27, 

Viemoy 

9 

1905-July 17. 

Viernoy 


. 16 

June 2, 

Pays-Bas 

3 

1908-Jan 19, 

No 5 Couchant du Fluin. . 

10 

June 29, 

No. 2 Charbonnages Rewnis 

2 

Feb. 29, 

No. IdeOhlm...., 


2 

June 12, 

Alliance 

2 

1909-Apr. 17. 

Leva! 


1 



Table VII . — Explosions of Gas and Dust in Coal Mines of France, by Months, 1814 to 1904 
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Table IX . — Explosions Caused by Gas or Dust in Belgium ^ 1891 to 1909 
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Discussion 

George S. Rice, Pittsburgh, Pa. — I think it is very wise to point out 
the greater liability to explosions in certain parts of the year, if there be 
such difference, with the caution, however, that vigilance be not relaxed 
at other times. In comparing the figures for the United States with those 
of Europe, I think we should separate them as far as possible according 
to cause of origin and means of propagation. That is to say, it would 
appear to me that the majority of our explosions are due more directly 
to the ignition of coal dust directly from the flame of explosives, whereas, 
judging from my inquiries and observations in some of the mines of 
Europe, the majority of their explosions have been caused by the igni- 
tion of firedamp. Now, in the case of firedamp, I do not think that 
anybody has yet attempted or has been able to find any coimection 
between the seasons and the issuance of methane into mines. One thmg 
must be borne in mind, that if you get a strong explosion of firedamp, 
dust of a character that might not ignite readily by itself might assist 
in the extension of an explosion of firedamp through a considerable area 
in the mine, if not throughout the mine. While it is true we have many 
lesser explosions in this country attributable to firedamp, it would appear 
that the majority of all the mine explosions of the country, m considering 
the means of propagation beyond the locality of the origin, are due to 
coal dust; and it is the liability to coal-dust explosions that appears to be 
affected by seasonal changes. Hence the desirability of separating sta- 
tistically (if it could be done by the inspectors) firedamp explosions from 
coal-dust explosions, in order to obtain the true value of the seasonal 
effect. Nevertheless, in spite of the inclusion of firedamp explosions 
with coal-dust explosions, the preponderance of the evidence, as indicated 
in Mr. Eavenson’s figures for American mines, has shown that in this 
country there were more explosions in the winter and spring months, 
when the mines are drier; that is, when the mines are apt to be drier. 
Whereas, according to the European figures that he has gathered, it 
seems to be very clearly demonstrated that in France, England, and Bel- 
gium, the time when explosions occur has no connection with any par- 
ticular season. That, I think, is partly due to the point just mentioned, 
that a majority of their explosions have originated from firedamp. The 
European mining men have been more careful, generally speaking, with 
the use of explosives than we have, so that the cause of ignition from that 
source has been less. Only comparatively few of the mines in foreign 
countries permit the use of black powder. It is not permitted at all in 
France, Belgium, and Germany, except in a few of the shallow, non- 
dusty and non-gaseous mines., In Belgium, in mining coal in gaseous 
or dusty mines no explosive is used, and in rock work only permissible 
explosives may be used; but it must be admitted the non-use of explosives 
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ia coal is not a handicap in coal getting, since the mining is by the long- 
wall system and the roof weight brings it down easily. 

Apart from the generally accepted fact that in explosions in European 
mines, firedamp, either wholly or in part, plays a most important role, 
an additional argument may be made as to why the seasonal changes 
appear to have so little effect in European coal mines, as seems to be 
indicated by Mr. Eavenson’s figures, viz.: The European mines are so 
much deeper than American mines, and hence so much warmer, practi- 
cally always warmer than the air at the surface, that there is little differ- 
ence in the drying effect of the air current in either summer or winter. 
That is, the temperature of the air current by the time it has reached the 
working places has been so raised by the natural heat of the strata that 
it is always drying in effect even in summer time, and precautions are 
taken accordingly. On the other hand, in America the temperature of 
the mines is so much cooler, that in summer it is less than the average 
outside temperature, hence the entering air current, through being cooled, 
becomes fully saturated, and this in turn moistens the walls and ulti- 
mately the dust. Therefore there is for a few months lesser liability to 
have true coal-dust explosions. 

C. M. Young, Lawrence, Kan. — ^A few years ago the State Geolog- 
ical Survey of Kansas collected what was believed to be all the available 
information concerning coal-mine explosions, including causes, effects, 
and dates. This information was gathered from all parts of the world 
where records have been kept. After the statements of figures and facts 
had been tabulated, copies were sent for correction to the various coun- 
tries from which the data had been obtained. When these corrected 
copies had been returned, it was considered that the list of explosions 
was as nearly correct as it could be made. 

From the data in these lists it would be concluded, as Mr. Eaven- 
son states, that there is no necessary connection between seasons and 
explosions. 

Some possible reasons may be suggested for the increase in explosions 
mentioned in the paper. First, the change in the character of mine 
labor, with the partial disappearance of the miner who looked upon his 
labor with pride and had the attitude of the skilled artisan toward his 
work. Second, the increased use of explosives. It is true that the use 
of permissible explosives is increasing, and this fact decreases the danger, 
but there are still many districts in which black powder is used and its 
use is likely to continue for a long time. In many districts the ratio of 
the amount of powder used to coal mined is increasing. The tendency 
to depend almost entirely upon explosives for breaking down the coal 
leads to the use of excessive amounts of powder. Third, the increasing 
tendency to shoot off the solid. 

It is possible that one reason for the occurrence of many explosions 
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outside the winter season may be found in the belief that they will occur 
almost exclusively in the winter. The belief that there is most danger 
of the occurrence of explosions in the cooler seasons may lead to careless- 
ness in other seasons. In February and March the miner expects explo- 
sions, if there is any possibility of their happening, and at most other 
seasons he thinks that he is fairly safe, and it is possible that he is then a 
little less careful than he is in the winter months because of this belief. 

H. H. Stoek, Urbana, 111. — There is possibly another explanation 
or reason why we apparently have more explosions in winter than in 
summer, because our mines then work much more actively in many parts 
of the country. The European mines work more uniformly than ours, 
so that we might expect on that basis to have the explosions distributed 
throughout the year. Then there are some who think that when a mine 
is working irregularly it is more liable to explosions than when it is work- 
ing regularly. Has Mr. Eavenson any figures showing connection 
between explosions and earthquakes? 

Me. Eavenson. — No, I have had no experience in the earthquake 
line, and I am mighty thankful to say I have had very little experience 
in the explosion line. 

William Griffith, Scranton, Pa. — I think a question worthy of 
scientific investigation is whether the diffusion of gas in mines is in any 
way affected by the astronomical condition like tides in the ocean. In 
my experience, passing through the anthracite mines, I have for some 
time made it a practice to ask the inside men, fire bosses, mine foremen, 
and others, what time of day the most falls of roof occur, and I find that 
the great preponderance of roof falls in the mines occur at night time, i.e., 
when the sun is on the other side of the earth. The question has arisen 
with me whether there is any possible effect from the attraction of the 
sun or moon, which would cause such a thing to occur or to effect the 
efflux of gas. 

R. D. Hall, New York, N. Y. — People fail to realize, in compariug 
one country with another, that there must always be differences between 
them. England and. Scotland lie against a great ocean, receiving aU 
the time moist air with a percentage of saturation which often amounts 
to 100. That degree of moisture content is quite rare in the United 
States, and, moreover, the temperatures in Great Britain never get so 
low as those on this side of the water. Consequently, the air on entering 
the mines does not lose saturation so markedly there as it does here. 
This makes the danger of coal dust less marked, and as it is the coal-dust 
explosion which is seasonal, there is not likely to be the seasonal difference 
in accident frequency in Great Britain which we have here. 

'Another cause for decreased danger from coal-dust explosions in Great 
Britain is the use of the long-waU system. When an explosion of any 
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kind takes place in such workings there is plenty of room for the explo- 
sive violence to expend itsdf. It is rarely found in Great Britain that 
the violence is marked near the coal face. The explosion seems usually 
to start and work its principal havoc in the tightly gob-packed headings. 
Consequently the frequent use of the long wall probably decreases the 
frequency of coal-dust explosions. 

And conversely long wall increases the probability of gas explosions, 
for the ventilation is frequently rendered inadequate where that system 
of mining is in operation. 

But in regard to seasonal variations, we must not forget that the winter 
in Europe sets in earlier than here. In fact, it is quite usual in Great 
Britain to regard the last three months of the year as winter. Here the 
first three months are generally so classified. 

W. H. Grady, Bluefield, W. Va. — One of the speakers made the 
point that perhaps the increase in explosions was due to the difference 
in supervision, due to the fact that they are employing Hungarians and 
Poles, rather than English and Welsh miners. If that is true, and I 
believe it is, the proper thing is to supply them as much supervision as 
that difference requires, and some min e operators have recognized the 
need of more and better supervision and are supplying it by safety fore- 
men, patrolmen, or assistant foremen, or whatever they call them. The 
particular instance that has come under my observation is that of the 
United States Coal & Coke Co., at Gary, W. Va., where the death rate 
per 100,000 tons is one-fifth of what it is in the Pocohontas field. In 
speaking with different operators on that point, they sometimes say 
that increased supervision brings about increased cost; but with increased 
supervision, it is found that increased efficiency follows, and rather than 
an increase of cost, we have a reduction in cost and a reduction in the 
death rate. 

R. V. Norris, Wilkes-Barre, Pa. — ^Tn connection with increased super- 
vision, recently in the anthracite fields various large companies have been 
putting in a safety patrol system. 

E. B. Wilson, Scranton, Pa. — ^S’or the benefit of Mr. Stoek, we had 
an earthquake in Scranton some months ago, and I took occasion to 
write to all the operators to find if there had been an increase in gas, and 
they said no; that on the contrary, there had been less. I attribute that 
to a high state of the barometer. 

F. Z. ScHBLLBNBBRG, Pittsburgh, Pa. — ^I beUeve explosions are apt 
to occur on Monday morning or after a holiday, when there is irregularity 
of supervision, or of the immediate examination of the working places. 
Some of the men who have had that responsibility are out, which is the 
cause to my mind of one of the largest catastrophies that we have had 
here. 
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S. A. Taylob, Pittsburgh, Pa . — A question has been in my mind for 
several months. It was stated to me by a man who had just returned 
from Europe, that a large explosion that took place in France last spring 
was caused by electric currents. On investigation, it was found that it 
was due to the electric waves caused by a wireless telegraph. Talking 
this matter over with one of the professors of mining in one of the schools 
not far distant from here, he told me that they had had something of 
the same experience, in connection with their wireless telegraph plants, 
and they were obliged to stop the operators. They ascertained that the 
two wireless stations set fire to a building which was half way between the 
two. Now, if ans^thing can be evolved along that line, it seems to me we 
are treading on very dangerous ground when we allow the promiscuous 
installation of wireless telegraph systems. It seems to me it should be 
investigated by those who have the ability and power to do so. 

Howaed N. Eavenson. — I think Mr. Rice’s point, that if explosions 
could be separated into those caused by gas and those caused by dust, 
more dust explosions would be shown to have occurred m the winter 
months than in the summer months, is well taken. He knows, however, 
better than I do, the trouble one has in trjdng to separate these two classes 
of explosions from any records we now have. To illustrate this: I know 
personally of an explosion that was ascribed to dust, while it was a well- 
known fact in the vicinity that gas could be exploded by any miner in his 
working place any time after firing a shot. 

There was no intention in writing this paper of making a comparison 
of the explosions due to seasonal variations in the different countries. 
My only idea was to present the facts. 

As to Mr. Griflath’s point about falls of roof: We prepared statistics 
for our 12 mines, covering the past 10 years, classifying accidents by 
the different days of the week, different hours of the day, and the causes — 
whether falls of coal or slate. The average number of accidents per day 
was practically the same throughout the week. There were a few more 
between 10 and 11 o’clock than in any other hour in the day. This does 
not exactly cover his point, as there might be many more falls at night 
than in the day time, when no accidents would result from them. 

Regarding the explosion caused by wireless: The writer knows of a 
mine that had been shut down for about three years, which generated 
gas in small quantities. The fan and pumps were run two or three days 
once a month and were shut down the rest of the time. One afternoon 
during an electric storm there was an explosion in the mine, although 
there was nobody working in it at the time nor had there been for 18 
days. The pumps were not running and there was no fire under the boil- 
ers. There was no electric current in the mine, as the trolley-wire con- 
nections were broken at the foot of the shaft. A careful investigation 
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was made and the only cause to which this explosion could be ascribed 
was lightning, which probably ran down the shaft, possibly through the 
ropes, thence to the cage and to the tracks and followed the rails in to 
the place of the explosion. This place was an excavation bemg made for 
a stable when the mine was shut down, and which was driving up hill 
and was a dead end. Gas had evidently accumulated in here, and as the 
switches were all set to go directly to this place it was evident that the 
current had followed the rail into the gas and had then exploded it. 

Richard Peters, Jr., Uniontown, Pa. — was connected with a 
mining operation in Alabama a few years ago. It was shut down on 
July 4, 1910, for the usual holiday, and occasion was taken to make some 
repairs on the fan. Along about 3 o’clock in the afternoon a sharp flash 
of lightning struck the steel head frame on the shaft. A few moments 
later black smoke came out of the shaft mouth. The fan was started up 
and turned over slowly to see what effect would be produced, and it was 
noted that the smoke immediately cleared away. After turning air down 
into the mine a party was sent down, and upon investigatiop found that 
the lightning flash had gone down the steel work of the shaft and had 
followed the trolley wire to a point in the mine where it short-circuited 
and ignited a pocket of gas. This was evident, as the damage done by 
the explosion was local. 

Mr. Norris. — There have been two similar cases in the anthracite 
region of gas fired purely by the electric spark from a storm. 

Mr. Rice.— Regarding the difficulty that Mr. Eavenson mentions of 
getting accurate statistics, I think it is particularly true in the case of 
explosions. At the present time mine-accident statistics are collected 
by the various State inspection departments. The TJ. S. Bureau of 
Mines accepts these figures in its compilations for the whole country. 
The State inspection departments have no uniform system in that matter, 
and while some inspectors will call an explosion, the propagation of which 
is due to dust, a dust explosion, others will classify it on the basis of its 
origin. It is quite a usual thing in the Middle West to call an explosion 
a '‘windy shot,’^ even if it has extended to the shaft. That is the cause 
of one of the difficulties we have in analyzing results. In statistics which 
are furnished to the Bureau of Mines, I have found many instances where 
what I would term a dust explosion has been called a gas explosion, 
windy shot, or powder explosion. I think all should try to obtain uniform 
methods in reporting; and, as regards explosions, I think we should classify 
them on the basis of their chief means of propagating, that is, gas or dust, 
giving the origins in a separate column under these classifications : Blown- 
out shot; overcharged shot; ignition of fire damp; electric arc or grounding; 
open flame; gob or mine fire. 
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The Appraisal of Coal Land for Taxation 

BT H. M. CHANCE, PHILADELPHIA, PA. 

(Pittsburgh Meeting, October, 1914) 

Within the last 10 years the subject of mine taxation in its relation 
to coal-mining interests has come to have growing importance, not only 
to those engaged in the mining of coal, but also to the owners of land 
underlain by coal. A disposition has developed among legislators to 
accept the principle, which has been laid down by many judicial decisions, 
that coal underlying the surface must be regarded as a part of the real 
value of all properties so underlain, and as such is chargeable with such 
burdens of taxation as the necessities of the government may impose. 
These necessities arise from the normal expense of maintaining State and 
local governments, and in the past have been met principally by taxes based 
upon assessments of real-estate values, which values in many cases 
have been confined- principally or wholly to the value of the surface, 
without taking into consideration the value of minerals underlying the 
surface. 

It is not proposed here to deal with the question of Federal taxation, 
whether levied on production, or on products transported from one State 
to another, or exported from the country, or upon the gross or net earnings 
of corporations engaged in interstate commerce, or upon the production of 
materials which may be transported from one State to another, or levied 
upon the profits or upon the obligations of corporations. The present 
discussion will be confined to the appraisal of coal lands as assessed for 
State, county, township, or borough taxation. 

The methods heretofore and at present in use in the different States 
vary widely and have resulted in more or less litigation. Discussions 
appearing from time to time in the technical and trade journals and in the 
proceedings of mining and engineering associations frequently direct 
attention to the need for the adoption of fixed principl e in levying taxes, 
and of uniform methods for applying such principles, but there does not 
seem to be a general demand from the public for the adoption of such 
methods. 

The greatest burden of taxation must always be from taxes levied to 
meet local requirements, because the maintenance of schools, of the poor, 
of roads and bridges, of local courts, of prisons and hospitals, of the 
police, of roads and highways and their lightii^, and of sanitary super- 
VOL. L. — 40 
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vision, will always cost far more per capita than the cost of maintaining 
the Federal or State governments. 

As taxes for local purposes are collected under authority conferred by 
State legislation, and as the constitutions of the several States contain 
provisions concerning the rights of persons and property which require 
uniformity in methods of taxation, and as the courts have generally 
afGrmed the principle that coal, if of material or determinable value, 
must be regarded as assessable and taxable property, differing in no 
respect from other forms of property, this principle is supposed to underlie 
the methods in general use. 

In connection with matters relating to the application of this principle 
'in the determination of taxable values, an investigation was made recently 
to learn as fully as possible the details of present practice in the States in 
which coal mining is an important industry. This inquiry resulted in the 
compilation of a large mass of data, giving perhaps a better insight into 
these conditions than anything that has yet been available. It disclosed 
the fact that few of the States have definitely adopted the principles 
upon which mineral (or coal) land shall be appraised for the purposes of 
taxation, and that few States have uniform methods applying to all parts 
of the State for fixing such values. 

The investigation upon which this article is based included the principal 
coal-mining portions of Alabama, Arkansas, Colorado, Illinois, Iowa, 
Kansas, Kentucky, Missouri, Montana, Ohio, Pennsylvania, Tennessee, 
Texas, Utah, Virginia, West Virginia, and Wyoming. It involved cor- 
respondence with about 360 State, county, and township oflficials en- 
gaged directly or indirectly in the assessment of the value of coal land 
for taxation, and includes more or less useful and authoritative infor- 
mation obtained from about 120 of these officials. 

While the inquiry disclosed the fact that uniformity in making such 
assessments is in practice almost unknown, entirely different methods 
often being used in adjoining townships in the same county, or in adjoining 
coimties in the same State, it did, however, clearly indicate that in nearly 
all of the coal-mining States certain broad principles were recognized, 
and these tend to establish a basis to which future practice will doubtless 
be made to conform. While these principles, however, are theoretically 
assumed as governing factors in fixing the basis for assessments, the 
methods by which they are applied, or are attempted or supposed to be 
applied, present extraordinary variations and inconsistencies. This 
condition, in some cases, has led to attempts to remedy such inconsist- 
encies by the creation of State commissions, or boards, or courts, charged 
with the duty of equalization. 

The principles that appear to have received most general recognition, 
and the exceptions to the same, are as follows: 
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1. That the coal, or coal-mining right, when not owned by the owner 
of the surface, shall be assessed as the property of the individual or 
corporation claiming ownership. Exceptions to this rule are found in 
Kansas, Kentucky, Iowa, Illinois, Missouri, Michigan, Utah, Wyoming, 
and possibly some other States, such exceptions generally applying to 
localities in which the coal, through lack of knowledge as to its thickness, 
quality, etc., has no definable or appraisable value. This principle has 
been affirmed and reafiirmed by judicial decisions in many States. 

2. When the coal and surface are owned by the same individual or 
corporation, the assessed value is usually fixed at a sum per acre 
supposed, intended, or assumed to cover the value of both coal and 
surface; assessors rarely attempting to assess the value of the coal and 
surface separately. The exceptions to this practice are found principally 
in those States and districts in which coal has the largest values; examples 
of such exceptions are found in Pennsylvania, Kentucky, Ohio, Virginia, 
and Wyoming. 

3. Coal, or the coal-mining right, is generally assumed to be assessable 
at a value representing the price obtainable at voluntary sale, or at a 
definite percentage (ranging all the way from 20 up to 80 per cent.) of such 
value. While the legal validity of this principle has been sustained by 
many judicial rulings and it is presumed, or assumed, to be applied in 
many States, exceptions are found almost everywhere. Some of the 
Western States have substituted for this principle, methods of fiYing 
the taxable value based partly or wholly upon the value of the output, or 
upon the net or gross returns, or upon an arbitrarily assumed value 
per ton of such output. Thus in Wyoming the value of the output 
(fixed at from 60c. to 95c. per ton) determines the assessable value. 
Exceptions to the application of this principle are found in Alabama, 
Arkansas, Illinois, Iowa, Kansas, Kentucky, Ohio, Pennsylvania, Ten- 
nessee, Virginia, and West Virginia, the exceptions being most numerous 
in localities where the owners of the surface (farmers) still own the coal. 
In such localities the owners of the coal, generally being anxious to sell it, 
and believing that high assessments of value will tend to retard sales, 
usually succeed in keeping the assessed values far below the price obtain- 
able at voluntary sale. 

4. Great differences exist both as to principle and practice in assessing 
the value of coal leaseholds; that is, the equity of a lessee in the coal which 
he controls under a lease. The equity of a lessee in the coal is not 
assessed as taxable property in Alabama, Arkansas, Colorado, Kansas, 
Missouri, Utah, and Virginia. Such equity may be assessed as taxable 
property in Illinois, Iowa, Kentucky, Tennessee, Ohio, Pennsylvania, 
West Virginia, and Wyoming, but the practice is not uniform throughout 
any one of these States; in the aggregate only a comparatively small 
number of leaseholds beil^ assessed for taxation. The whole value of 
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coal held under lease is usually assessed to the owner of the property, the 
equity of the lessee being disregarded. This practice, in many cases, 
doubtless originates in the diflSculty experienced by assessors in attempt- 
ing to determine the value of the equity of the lessee, and also because 
the assessors assume that as the coal value (in such case perhaps being 
determined by the royalty per ton paid by the lessee) is assessed to the 
owner of the leased premises, and the value of the improvements owned 
by lessee is assessed to the lessee, the operation as a whole is thus bearing 
its full share of the burdens of taxation. Cases in which the terms of the 
lease provide that any increase in the taxes assessed after the execution 
of the lease shall be borne by the lessee, also tend to prevent the assess- 
ment of leasehold equities separately from the coal value assessed to the 
owner of the land. On the other hand, leases which are so drawn as to 
constitute a sale of the coal in the ground, tend to encourage assessors to 
assess a portion of the coal value to the lessee as the owner of the same. 

5. The proposal to base the assessment of coal value arbitrarily upon 
the quantity of coal (as defined in foot-acre or other units) and a fixed 
value per ton or per foot per acre, to apply uniformly over a prescribed 
district, is steadily losing ground, probably because it does not seem to be 
in conformity with the principle laid down by the courts, that assessments 
must be fixed by the price obtainable at voluntary sale. This proposed 
method, therefore, is hereafter likely to be used only as a auxiliary means 
of determining the voluntary sale value, and not as a method for directly 
fixing the assessable value. 

Many officials are inclined to be pessimistic as to the possibility of 
securing greater uniformity in methods of making assessments, apparently 
because the subject appeals to them, and to the residents of each district, 
more in the light of a local issue than of one of broader importance. 
Some of the suggestions illustrating the trend of thought as to proposed 
changes and the securing of better or more satisfactory results may be of 
interest thus: 

''By making the tax directly upon the output.” 

"Now being considered by the State Tax Commissioners.” 

"By revising method of taxation for all property.” 

"By estimates of quantity of coal in each tract.” 

"Most any other way would be an improvement.” 

"Revision of laws to provide assessment at fair sales value.” 

Revison of laws to determine assessments by amount invested.” 

"By assessing surface and coal separately.” 

"Revision desired, but no prospect of getting revision.” 

*‘Tax should be on the production.” 

"State officials now considering method, but no conclusions reached.” 

^^Should be controlled by a Tax Commissioner.” 

“No one seems to be thinking about it, are satisfied with present methods.” 

"By the appoiutment of County Tax Commissioners.” 
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“Assessments should be low enough to permit operators to hold (unworked) coal 
land." 

“By classifying coal land as working, reserved and undeveloped acreage.” 

“Depth, length of time to reach, accessibihty and other conditions should be 
considered.” 

“By assessing each field separately at unit prices governed by the average selling 
price.” 

“By employing engineers to assist Tax Commissioners.” 

“By distinguishing between coal to be mined soon and that not to be operated for 
some time.” 

“By assessing all coal lands at their commercial value.” 

“By taxing on an output basis.” 

“A tonnage tax is inequitable and should not be favored.” 

“Opposed to a toimage tax.” 

“According to output, value of plant and profits, all to be considered in fixing 
assessment.” 

“Should be fixed by the net profits per ton.” 

“Mining engineers should be employed to assist in making assessments.” 

“There should be a better way found; present methods most unsatisfactory.” 

“By classification of lands and the actual production.” 


Of those officials who were willing to express a definite opinion, about 
85 per cent, believe that while the methods are faulty, the results are 
generally satisfactory to land owners, operators, and the general public; 
about 10 per cent, believe that both methods and results are unsatisfac- 
tory; and about 5 per cent, think that the methods and results are partly 
satisfactory. It will be understood that these are the expressed opinions 
of officials engaged in assessing coal land for taxation and may not repre- 
sent the opinions of coal-land owners and operators. An explanation of 
the statement that the assessments as made are generally satisfactory to 
owners and operators is found in the fact that in many mining districts 
the assessors are influenced in greater or lesser degree by the views and 
desires of a majority of the residents of the district, and adjust the basis for 
making assessments to meet the approval of a majority of those most 
interested. This condition accounts for the wide divergence in methods 
and 'results often noted in adjacent districts, and again suggests the 
conclusion that the assessment of coal land for taxation is at present 
largely regarded as a local issue and is determined independently in 
different districts by considerations of local expediency. 

That the values at which coal land or coal-mining rights are actually 
assessed for taxation in the principal coal-producing States seldom bear 
any fixed relation to the value as determined by prices realized at 
voluntary sale, is illustrated by the following condensed summary: 
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County Assessments 


State 


Highest Assessed 
Value of Coal, Not 
Including Surface, 
per Acre 

Lowest Assessed 
Value of Coal, Not 
Including Surface, 
per Acre 

Alabama 

“Supposed to be assessed 
at 60 per cent, but rarely 
is assessed at more than 
25 per cent, of value.”. . . 

$1.00 to $ 40.00 

$0.12 to $3.00 

Arkansas 

“Supposed to be assessed 
at 50 per cent., or less, of 
value at voluntary sale.”. 

5.00 

2.50 

Colorado 

“Depends on accessibility 
to railroads.” 

60.00 

25.00 

lUinois 

“Usually at about 20 per 




cent, of voluntary sale 
value.” 

75.00 

2 00 

Iowa 

“Undeveloped lands not 
assessed as coal land ” 

10.00 to 30 00 

6.00 to 25.00 

Kansas 

“Supposed to be at its 

20 00 to 60.00 

5 00 to 10 00 

Kentucky 

market value.”. . . 
“Assessors often adopt 
statement of owners as to 
value.” 

2.00to 15 00 

1.00 to 4.00 

Ohio 

(Data not complete.) 
“Attempt to approximate 
value.” “More guess- 
work than anything else.“ 
“Actual values tried to be 
ascertained.” 

20.00 to 80.00 

10.00 to 20.00 

Pennsylvania 

Methods vary greatly.... 

10 00 to 900.00 

5.00 to 50 00 

Tennessee 

(Bituminous region only.) 
Data incomplete 

20 00 

3.00 

Utah 

Data incomplete 

20 00 

10.00 

Virginia 

At fair market value as 
per Act of March 7, 1912. 

100.00 to 500 00 

1.00 to 8.00 

West Virginia 

“Supposed to be at volun- 
tary sale value.” 

6.00 to 180.00 

3.00 to 16.00' 

Wyoming 

“ On net value of output.” . 

20.00 to 30 00 

20'.00 


(Data incomplete.) 




This summary is not thought to be complete, or free from error. 
Many of the wide variations in assessments, perhaps most of them, 
merely reflect actual differences in the real values of coal land. Individual 
cases in which the assessments are higher or lower than those given in 
this su mm ary doubtless occur in each of the States above enumerated. 
The table is introduced to show the maximum assessments in the two 
counties that show the highest and lowest maximum value and the 
minimum assessments in the two counties that show the highest and lowest 
minimum value, for the counties of which a record is available. 
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Discussion 

R. V. Norris, Wilkes-Barre, Pa. — In his rSsumS of coal-taxation 
methods Mr, Chance has apparently confined his investigation to 
bituminous coal, so a summary of the anthracite situation as to coal 
assessment should be of interest. 

The anthracite region of Pennsylvania in its 484 square miles of 
measures lies in the counties of Wayne, Lackawanna, Luzerne, Carbon, 
Schuylkill, Northumberland, and Dauphin, and in each of these different 
methods of assessment have been adopted. 

The assessments for taxation in Pennsylvania are made under Acts 
of the Legislatures of 1841 and 1842, under which the assessors are re- 
quired to “assess rate and value every subject of taxation according to 
the actual value thereof, and at such rates and prices as the same would 
bring at a bona fide sale after due notice.” Under this general law coal 
land has been assessed as such, but up to about 25 years ago the coal was 
assessed at rates so low as to be unimportant, though the rates in each 
township and municipality, even in the same county, showed no agree- 
ment or ascertainable basis. 

In the late ’80s, the need for greater revenue drew attention to the 
possibilities of collecting much larger taxes from the coal lands and, 
spurred by public demand, the assessing authorities in some counties 
undertook a reassessment of coal. The method pursued was to demand 
from each owner a statement of the area and average remaining thickness 
of coal on his lands. On this return, made in some cases under oath, ai 
assessment based on foot-acreage was levied, with a resulting great in- 
crease in valuation, but the valuation per. foot-acre was low and nc 
serious objection was made. This assessment with occasional increases 
of rate remained in force until 1907, when, in the triennial assessment ol 
that year, a complete revision of the valuation was again attempted, engi- 
neers were employed by the counties to check the accuracy of the returns 
from the owners, and, based on the foot-acreage thus obtained, ai 
enormous increase, to $65 per foot-acre, was made in the valuation. This 
assessment was resisted in the courts by appeals resulting in very exten- 
sive litigation, and a final determination of the validity of the 1907 anc 
all subsequent assessments has not yet been obtained. In the first ap- 
peals tried the rate calculated on a foot-acre valuation was reduced by ths 
Luzerne County court to about $45, while the Lackawarma County 
courts reduced a larger rate to $67, The county authorities were, how 
ever, dissatisfied with these results and have since tried other appeal 
from the same 1907 assessment, but these latter suits have not yet beei 
decided even by the county courts. 

Since the guess valuation of a generation ago was given up, fou 
methods of assessment have been attempted or suggested. 

First: Valuations based on actual sales. 



632 


THE APPRAISAL OP COAL LAND FOR TAXATION 


Second; Valuations based on foot-acres of coal remaining in the 
ground or remaining available. 

Third: Valuations based on royalty values. 

Fourth: Valuations based on capitalized estimated profits. 

Of these methods, the first, valuations based on actual sales, is indi- 
cated as the only strictly legal method by various Pennsylvania Supreme 
Court decisions. Of the foot-acre method, mi Reading Appeal (Penn- 
sylvania Supreme Court Reports No. 229, p. 465), the court says that 
the foot-acre value for ascertaining valuation of coal lands of the appel- 
lant for the purpose of taxation is not a proper measure of their value;'' 
while the court disposes of valuations based on royalty, and by implica- 
tion those based on profits (Pennsylvania Supreme Court Reports No. 
299, p. 470): 

‘Tts market value is its fair selling value for cash, not payable as royalty strung 
out through a long series of years, but payable at the time or as soon thereafter as 
the value could be determined. Such a method does not make allowance in un- 
developed territory for the length of time coal may lie in the ground unmined, un- 
developed and unprofitable. It is impossible to reduce to a scientific basis and to 
mathematical precision the elements of value entering into the present selling price 
of a tract of coal land. The question is not what earning power coal lands may 
develop in the future, but what they are actually worth in the market at present.** 

The sales method has been used both in justifying and in attacking 
the 1907 anthracite valuations and has resulted in the introduction into 
evidence of a large number of sales'^ of coal land, generally the coal 
under very small tracts, with but few sales of acreages large enough for 
operation, and none of this size except sales of operating collieries where 
the value of the lands could not readily be separated from the value of 
the improvements and coUiery plant. The sales shown have indicated 
values from $200 or $300 up to $10,000 per acre, with an average for the 
best lands containing beds aggregating 60 ft. of coal of about $3,000 per 
acre or $50 per foot-acre, equivalent to about 5c. per ton for the coal 
available for shipment, estimated at 1,000 tons per foot-acre. 

In the face of this, the 1913 assessment has been raised throughout 
the anthracite region. The rates determined by a foot-acre calculation, 
but returned in gross price per acre to evade the Supreme Court ruling, 
are as follows: 


Wayne County. . 
Lackawanna County. 
City of Scranton. 

Luzerne County 

Northumberland County. 

SchuyMQ County 

Dauphin County 


Per Foot- Acre 

$67 
175 
300 
250 
48 to 61 
9.84 to 68.52 
10.00 to 16.58 
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While practically all of these have been appealed from, the Lacka- 
wanna and Luzerne County and Scranton City rates are absolutely 
confiscatory; in one case, where under the old valuation the taxes paid 
by the land owner equaled one-fourth of the average royalties received, 
the valuation was raised 563 per cent., making the lands worse than 
valueless to the owners. 

Then, considering the various methods of coal-land taxation suggested, 
we find serious objections to all. 

First: Sale Valuation. — Impracticable, from the impossibility of 
finding sujfficient sales of typical lands for a^basis of value, and further 



Fig. 1. — Eelative Cost op Mining Coal Beds op Various Thicknesses. 

unfair in not considering the actual amount of coal in separate pieces of 
land, the sale value of a large tract of thick coal being entirely different 
from the selling price of a tract containing only thin beds, or beds partly 
exhausted, and the impossibility of separating the value of the coal from 
the value of improvements and developments in the case of the sale 
price of operating collieries. 

Second: Foot-Acre Valuation . — ^An illegal method, fairer than sale 
valuations, but presenting diflBiculties in determining a proper basis of 
valuation, and offering to unscrupulous politicians too easy a method for 
flat advances in valuation. This method fails to discriminate in the 
character of the coal assessed, not only in the thickness of the beds but 
in their constitution, whether large benches of clean coal or coal laminated 
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with slate and bone in thin layers and of relatively little value. How 
much the thickness of beds may affect their value is shown by Fig. ^1, 
the relative cost of mining various thicknesses of beds, compiled from 
averages of the actual costs in a large number of collieries in the Wyoming 
field. 

Third: Royalty Valuation. — Illegal, and unfair from the fact that 
the rate of output and time of mining are overwhelming factors in the 
valuation. For example, assume five exactly s imil ar properties, each 
containing 2,000,000 tons of coal, to be worked out seratim at an average 
of 100,000 tons per year, and each paying 30c. per ton royalty, an annual 
royalty paid during the mining of each tract of $30,000 ; on the basis of 
Luzerne County, Pennsylvania, 1913 assessment, these would each be 
valued at 8400,000, and would pay approximately 88,000 annual taxes up 
to the average time of exhaustion. Their present values, on a royalty 
basis, calculated at 6 per cent, would be as follows: 


Tract j 

Start Mining, 
Years | 

1 Complete Min-| 
mg, Years | 

Present Value 
Royalties 

Less Present 
Value Taxes 

Net Present 
Value 

First 

0 

20 

$344,100 

$58,880 

$285,220 

Second 

20 

40 

107,360 

110,120 

-2,760 

Third 

40 

60 

33,550 

126,100 

-92,550 

Fourth 

1 60 

80 

10,430 

131,550 

-120,650 

Fifth 

80 

100 

3,250 

132,550 j 

-129,300 


Thus, even without any taxes, the coal held for future necessities 
is shown to have but small present value, and including the taxes to 
be paid, except the first assumed tract, to be mined out within 20 years, 
is worse than valueless, and would be held by the owners at a loss. 

This condition may be well illustrated by Fig. 2, showing the present 
value, and present value of tax charge on $100, to be paid at a future date, 
as on lands held for reserve. 

Further, valuations on such a basis would result in absolute con- 
fiscation of lands leased on the low prevailing rates of the past, when the 
owners accepted royalties of from 8c. to 25c. per ton for prepared coal 
only, at present about 65 per cent, of the entire production, and further 
covenanted to pay all taxes assessed against the lands. 

Fourth: Valucetion on Estimated Profits . — This method, which has 
been proposed but not used in the anthracite region, is manifestly illegal 
and most unfair because an accurate estimate of future profits is mani- 
festly impossible; profits are dependent not only on the property, but 
on its management and on the rate of output, the latter at least partly 
determined by market conditions. That the rate of output is an impor- 
tant factor is shown by Fig. 3, showing the percentage variation in cost 
in a group of anthracite collieries under var 3 dng conditions of rate of 
output. Further, such a method of assessment is opposed to all ideas 
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Fig. 2 . — Present Valtie op $100 Future P.a:yment at Different Periods and 
Present Value op Taxes on Same at 20 Mills for Same Periods, at 6 Per 
Cent. 


of conservation, as it penalizes good management and good mining by 
taxing brains as much as coal. 

Conclusions . — It appears that none of the suggested or attempted 
methods of assessment has resulted, or can result, in an equitable valua- 



Fig. Variation in Cost of Mining at Varying Rates op Output. 
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tion, fair and just to both the public and the owners of coal land; that 
even moderate taxation of the coal in the ground is opposed to all prin- 
ciples of conservation, as its effect is to put a tremendous premium on 
rapid mining, almost regardless of ultimate recovery, to encourage the 
destruction of poorer and thinner beds interstratified with the better 
ones, on account of the enormous penalty entailed in slower mining, and 
to discourage, by prohibitive penalties, the holding of lands in reserve 
for the future necessities of the people. 

For these reasons it appears that the taxation of mineral in the ground 
is logically and economically wrong, leading to the rapid and uneconomical 
exhaustion of the mineral wealth of the country, and putting a premium 
on premature and wasteful exploitation, and that the proper method of 
taxation for all minerals would be a tax based on the value at the mine of 
each yearns product at the local rate of taxation assessed for that particu- 
lar year, including an assessment on surface lands, outside improvements, 
and machinery, the values of which are readily ascertainable, but not 
including any valuation of mine openings or inside improvements which 
are incidental to the mining process and which after the exhaustion of the 
mineral are of no value. 

Thus, a colliery producing 1,000,000 tons of anthracite in 1912, with 
a value at the mine of say and with surface and improvements 

valued at §1,500,000, should pay taxes for the year 1913 on §4,000,000 
valuation, regardless of the area of coal land tributary to such a colliery, 
and if for any cause the production in some later year should fall to 
$1,000,000 in value, and the value of the surface and improvements de- 
crease to $1,000,000, the taxes for the next year should be assessed on 
but $2,000,000 valuation. 

This suggested method of assessment and taxation of coal lands is of 
course clearly illegal under the present laws of the State of Pennsylvania, 
and would require special legislation to put it in force, and while not 
absolutely just, in that it assesses coal from thin and impure beds, costly 
to mine, at the same rate as that from the more cheaply mined thick and 
pure beds, it would, if legalized, possess the inestimable advantage of 
doing away with all uncertainty and litigation as to assessed valuations; 
result in the payment of taxes in greatest amount at the time^ of greatest 
production and consequent greatest population and public need for money; 
and by concentrating taxation on the land most actively worked, and 
relieving reserve land from its present crushing burdens, would tend to 
the conservation instead of the dissipation of the irreplaceable coal re- 
sources of the country, by encouraging the complete mining of lands once 
opened, including all workable beds, large and small, rather than the 
opening of the best beds on all lands to obtain immediate returns and 
avoid the burdens of accumulating taxation, even at the cost of the de- 
struction of smaller and less valuable beds lying above the larger ones. 
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William Griffith, Scranton, Pa. — I have not read Dr, Chancels 
paper yet, but I desire to express myself as being entirely in accord with 
Mr. Norris’s conclusions; also to add that not only is his method of taxa- 
tion illegal, but there is no other sensible method of taxation of coal or 
any other mineral land in Pennsylvania that is legal. The only possible 
method you have now is to send the “ice man” on the property and ask 
him to guess a valuation on it. There is no possible method that any 
engineer, or anybody else who has any idea of the value of minerals, 
would use that would be sustained by the Supreme Court, because the law 
as it now stands does not recognize mineral value or any method of 
determining it beyond a mere guess. But the court and owners insist 
on appointing engineers to do this work and thereby warrant the inference 
that they desire it to be done by sensible men in an engineering manner. 
But after it is done, if the engineer in his report explains how he did it, it 
will be thrown out as being illegal under this antiquated law. That is 
the reason why we did not state in our Northumberland County report 
how we did it. We examined 100 or 200 different anthracite properties 
(there were two engineers and a layman on the Commission). In esti- 
mating the value, we used all the methods that Mr. Norris has referred 
to. We estimated the size, the quantity of coal in the ground, extent 
and condition of mine workings, its accessibility, its remoteness from 
market, the royalty, etc., and by combining all these things, and capitaliz- 
ing the royalty for the length of time we expected the mine to last at a 
reasonable output, making proper adjustments in every case to meet 
varying conditions, we finally arrived at what we believed would be a 
reasonable value for each separate piece of land. But in our report 
we simply stated the value of each tract, giving the number of acres, 
without saying anything about how we got at it. And that is the only 
report that has gone to the Supreme Court and been accepted in the State 
of Peimsylvania. That report was objected to by the county authorities 
and our assessments were raised. It was then appealed to the Supreme 
Court, and after the Supreme Court stated that the foot-acre method 
was not legal, it added that there was no evidence in this report of the 
use of that method, and so confirmed that report. This was the only one 
in the whole State of Pennsylvania that has ever been confirmed by the 
Supreme Court; so if any of you ever have occasion in Pennsylvania to 
value mineral property, do not tell the court how you do it. 

S. A. Taylor, Pittsburgh, Pa. — ^An interesting matter came to my 
attention this week; while it is not exactly in line with this discussion, 
yet it is a matter that has some bearing on it* It is this: The Internal 
Revenue Act, providing the tax on incomes, recently passed by the 
national government, among other things changed the conditions as to 
the taxing of corporations, especially mines. Prior to this act becoming 
a law, corporations were permitted to deduct from their net income the 
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sum of $5,000, and an additional amount equal to that necessary to pro- 
vide for the entire depreciation of their property. 

The new law not only eliminates the flat deduction of $5,000, but also 
provides that the deduction for depreciation of property cannot exceed 
5 per cent, of the gross value or sales price of the product of the mines, 
at the mines. This does not permit the companies to deduct the whole of 
the depreciation of their properties in case that depreciation exceeds the 
5 per cent, allowed by the law; for example, in this Pittsburgh district 
the average sales price of coal at the mines is approximately $1.20 per 
net ton, 6 per cent, of which would be 6c. per ton, the amount permitted 
to be charged off as depreciation of property, while generaUy it would cost 
about 15c. per ton to replace that coal, and in many cases it would be 20c. 
per ton, which shows at once that this law is unfair to the coal operator 
of this district to the extent of from 9e. to 15c. per ton. In the Connells- 
ville coke district a very unfair condition is also shown. The royalty on 
coke alone is approximately 35c. per ton. The fair average sales price for 
coke this last year would be $2 per ton; 5 per cent, of this equals 10c. 
per ton with which to replace the 35c., the actual value of the property. 

The iron-ore mines of Michigan are more unfairly treated under the 
provisions of this new act than either the coal or coke companies above 
referred to. In many cases the royalty for iron ore will run as high as $1 
per ton. The sales price of the ore at the mine is about $3 per ton, 5 
per cent, of which is 15c., which will be allowed under this law for what 
costs $1. I understand the iron-ore men have taken the matter up with 
the government for adjustment. The collectors of internal revenue 
acknowledge the unfair provisions of the law, but they are helpless to 
give any relief in the matter. It is thought by some lawyers that the 
only way this matter can be corrected is to have that part of the law re- 
pealed or amended, as the government cannot be sued and it is doubtful 
whether or not any decision of the Revenue Department can be legally 
made which will give equitable relief in this matter. 

This whole affair shows what an injustice can be perpetrated upon the 
taxpayers by legislatures with little or no knowledge of conditions per- 
taining to the subject of their legislation. 

R. D. Hall, New York, N. Y. — I think sometimes it is a little unfortu- 
nate that we hear about taxation problems almost entirely from the view- 
point of the anthracite region. The problem in that section of the coal- 
mining industry is largely different from that of the rest of the country. 
When Mr. Norris and others propose that the tax be put upon output, 
they do it, I believe, with a due sense of their responsibility to the com- 
munity, and with the anticipation that under such a plan a fair amount 
of taxation would be paid by coal-land owners to the various treasuries; 
but, unfortunately, there are some people in other coal fields of this 
country who have large holdings and they would keep them for an in- 
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definite time without use, if absolutely no taxation had to be paid until 
such time as they extracted the coal. As an example of such a large 
landholder who is desirous of holding land because he has to pay no taxes, 
I would bring to your attention ‘‘Uncle Sam,’’ who puts a high price on 
all his holdings, and who is able to maintain that excessive valuation 
because under the law of the United States, Uncle Sam pays absolutely 
no tax on what coal lands he possesses. And I think not only he, but 
also several other smaller individuals, would be not a little disposed to 
hold on to their land indefinitely if you taxed their coal only on the out* 
put and they were able to hold it without any charge at all for taxation. 
It would be manifestly unjust to those people who are developing and 
working their coal and to those other citizens who are living in that par- 
ticular district, whose property is more or less depreciated by the fact 
that the resources are not being used, if that man were allowed to hold 
his property without taxation until such time as he chose to develop it. 

Mr, Griffith. — That may all be regulated by law, as in the case of 
unseated land at present. If a man owns a good farm and a portion of 
unseated land, he is not taxed on the latter the same as on the good land; 
assessors simply put a nominal value on the unimproved land, sufllcient 
to let the owner know that the State appreciates that he has land there. 
To remind him that that part of his land may be of more value later they 
tax it every year, but not as much as they do his fine farm land. So 
with coal lands and mineral lands of any kind which are not being de- 
veloped, there should be a nominal tax placed, suflSicient to prevent hold^ 
ing it indefinitely for speculative purposes, but not enough to make it a 
burden to hold for future mining. 

Mr. Evans. — Did I understand you to say that royalty could not 
be charged against operating expense? 

Mr. Taylor. — If you are paying royalty, you are permitted to charge 
off the royalty as the cost of mining. But if you unfortunately own the 
coal, you cannot charge it off. The government permits the royalty 
to be charged off as part of the cost of mining, and yet if you own the 
coal you will only be permitted to take off 5 per cent, of the sales price 
of the coal at the mine mouth. 
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The Pittsburgh Coal Field in Western Pennsylvania 


BY H. A. KUHlSr, PITTSBURGH, PA. 

(Pittsburgh Meeting, October, 1914) 

The Pittsburgh coal field in western Pennsylvania is conceded to be 
the most important in the world. To measure its importance it is 
necessary to understand the extent of its service in the various industries 
of the country. Probably 90 per cent, of the pig iron manufactured in 
the United States up to the present time has been made by using coke 
manufactured from the Pittsburgh coal seam in western Pennsylvania. 
This coal field is the foundation on which the city of Pittsburgh rests and 
is the reason for the great growth of the iron industry in the Pittsburgh 
district. Iron ore is brought to this district, not because Pittsburgh is a 
natural location, over other locations, for the iron and steel industry — as 
its position places the manufacturer at the mercy of the railroads — but 
the ore is brought 1,100 miles to meet the fuel. It can be said that the 
illuminating-gas industry in the United States has used this coal ex- 
clusively to the same extent that the pig-iron maker has used it. It may 
be also said that 20 to 25 per cent, of the fuel used on railroads in the 
United States comes from this coal field. 

The Pittsburgh coal field is unquestionably the center of the industrial 
population of the United States, for in addition to the industries of the 
district and those closely adjoining, it has tributary to it all the cities 
and industries along the Great Lakes and practically all of Canada with 
the exception of the extreme western and eastern ends. It supplies the 
industries and population west of Duluth and Superior many hundreds of 
miles. This coal is floated down the Ohio and Mississippi rivers, supply- 
ing the towns en route, and is delivered in New Orleans, a distance of 
2,200 miles, for approximately 80c. to 90c. per ton transportation cost. 
It is delivered on the docks of Superior and Duluth at a cost of transpor- 
tation 50c. a ton less than the cost of transporting the same coal from 
Pittsburgh to a local consumer in Philadelphia. With other Appalachian 
coals it has large markets east and along the seaboard especially for by- 
product-doke making and the illuminating-gas industry. It is considered 
the premier railroad fuel of the world on account of the fact that this coal 
in a given-sized locomotive, will probably haul more cars than any other 
coal in the world. Tests made at Altoona by the motive-power depart- 
ment of the Pennsylvania Railroad Co. show that Pittsburgh gas coal 
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evaporates as high as 18.9 lb. of water per square foot of heating surface. 
It is stated that the lower volatile coals, with a theoretically higher heat 
value per pound of fuel, do not evaporate more than 12 or 13 lb. of water 
per square foot of heating surface. For this reason this important 
railroad has adopted this coal as its standard fuel. By its use with the 
same crew and engine a maximum number of cars may be hauled. 

These statements explain somewhat the reason for the enormous 
production of coal from this field and seam. 

The production of coal from the Pittsburgh seam in western Pennsyl- 
vania in 1913 was in round figures approximately 100,000,000 tons; in 
Ohio from the same seam of coal approximately 20,000,000 tons; in 
West Virginia 1«);U00,000 tons, making a total tonnage of approximately 

130.000. 000 out of a total production of 470,000,000 tons of bituminous 
coal produced in the United States in the same year. Of the 170,000,000 
tons of bituminous coal produced in Pennsylvania approximately 

100.000. 000 tons comes from the Pittsburgh seam. Fayette and West- 
moreland counties with only a small acreage left of unmined coal are 
now producing approximately 60,000,000 tons of coal annually; Allegheny 
and Washington counties produce about 20,000,000 tons each; Greene 
county has only recently started as a producer of coal but a capacity is 
now established in this county which is upward of 2,000,000 tons a 
year. 

The geology of the Pittsburgh coal measure is so well understood that 
it is not worth while discussing this field from that standpoint. Some 
practical features, however, which relate to its geology, are interesting. 
The main feature of this seam from a geological standpoint is its per- 
sistency and integrity over the area which it covers. Whether the coal 
has been opened or not, those who are familiar with the coal in each zone 
or subdistrict (and the slow but uniform change from one basin to the 
next) can state unreservedly how thick the coal is, how much sulphur it 
will probably contain within a small percentage and about how many 
tons per acre may be recovered. Thousands of miles of entries have 
been driven through this coal field in mining operations of the district 
and thousands of oil wells and gas wells have been drilled through it 
where it is not being mined. Several facts touching the deposit of this 
coal seam are worth mentioning. It is evident from an inspection of the 
geological maps of Pennsylvania, Maryland, and West Virginia that the 
plant life which formed this field of coal was extremely luxuriant, increas- 
ing in depth or density toward the east, and that the purest part and 
largest part of this coal field has been lost through erosion. This seam in 
Georges Creek field near Cumberland, Md., measures as much as 16 ft.; 
in its western outcrop in Ohio about 3 J to 4 ft. ; in the northwestern end 
of Allegheny county in western Pennsylvania near the State line about 
4J ft. of the main or working bench of coal and 2^ to 3 ft. of roof coal 
VOL. L. — 41 
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measures, the working bed being separated from the roof measures by 
what is known as the “draw slate” of the district, which averages from 
8 to 14 in. In the Connellsville field the coal at places attains a thickness 
of 8 ft. and on the southern boundary of Greene county near the Monon- 
gahela river it measures 9 to 10 ft. in thickness. In the southern ex- 
tension of this seam in West Virginia the roof coal and main or working 
bed of the Pittsburgh district become practically one solid bench of coal 
with only thin laminations of slate marking the divisions which are so 
noticeable in the northern part of the field. 

It may be said from an inspection of the geological map and from a 
knowledge of the quality of the coal that the plant growth that formed 
this coal was much more luxuriant in the eastern end and that the coal 
was deposited with less impurities and under quieter conditions. The 
coal thins going west, but the extreme purity of the coal extends westward 
to the Pinhook anticlinal running southwest from Pittsburgh through 
Allegheny and Washington countiesj and west of the Pinhook anticlinal 
the change is gradual, the coal becoming more impure, higher in ash and 
sulphur with the distance westward, and the working bed or bench 
becomes thinner. The coal containing the least impurities from this seam 
in the Pittsburgh district is mined from what is known as the “Gas Coal 
Basin,” which lies between the Pinhook anticlinal and the Murraysville 
anticlinal on the west and the Waynesburg and Saltsburg anticlinal on the 
east. The working bed of coal in this basin averages about 6 ft. thick. 
Above this bed and separated from it by the draw slate, 2 to 4 ft. of roof 
coal is deposited. The main working bed in this basin is prepared for 
market containing about 6 per cent, non-combustible matter, and in some 
cases less than this, and the average coal contains not over 1 per cent, 
sulphur. Coal in the Connellsville basin is equally pure, but on account 
of the fact that more of the seam is mined in this field the ash is usually 
higher than in the coal produced in the gas-coal field, the sulphur being 
about the same. In recent years it has been discovered that the lower or 
southwestern portion of the gas-coal zone makes a standard coke, the 
difference between it and the Connellsville coke being that the coal in this 
basin on account of its hardness has to be crushed before it is put into the 
coke ovens, or when not crushed only the slack coal is used. This hard- 
ness of the coal in the southwestern portion of the gas-coal basin, how- 
ever, is an advantage on account of the fact that the lump coal from the 
gas-coal basin is sold at the mine for shipment at a normal price of $1.40 
per ton, which is equivalent to coke (including its cost of manufacture 
based on beehive oven practice) at $2.60 per ton at the ovens. 

The Pittsburgh coal field in western Pennsylvania west of the Monon- 
gahela river and within the State lines comprises about 850,000 acres of 
unmined coal today. In order to understand the available tonnage per 
acre in this field of coal and the values in various parts of the coal field 
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it is necessary to subdivide it into zones of quality and thickness; and in 
order to understand the value from all standpoints it is necessary to 
further subdivide it into zones of thickness, zones of quality, zones of 
cost with reference to the cost of mining and cost of transportation. The 
thickness of the coal in the various parts of the field determines the 
available tons per acre which in turn becomes a factor in the valuation of 
the land and the cost of mining. To measure the value of the land of the 
different subdivisions or zones all of the factors, quality, tons of recover- 
able coal to the acre, the cost of mining and the cost of transportation to 
market must be considered. 

The author in considering this coal field finds it more interesting from 
the utilitarian point of view, for after all that is the true test of all fuel 
resources. Its past and present service to the industries of the country, 
the future uses to which it may be put, its conservation, its probable life, 
now susceptible of definite measurement, are the principal factors which 
give interest to its consideration. The value and virtue of the different 
subdistricts unfold from a study of them under these subjects. Another 
practical feature that to-day attracts attention to this or any other coal 
field is the railroad tariffs for the transportation of the product, which will 
from the present time be adj usted by the Interstate Commerce C ommission 
from the standpoint of cost and service of the railroads, the welfare of the 
public being properly considered. 

To measure the life of this coal field is an easy matter. In the 
Connellsville basin, the Lower Connellsville or Klondike basin, and other 
areas of coal east of the Monongahela river there are approximately 
100,000 acres of the Pittsburgh seam available and unmined at this time. 
In 1912, I determined the unmined acreage of coal in the Connellsville 
basin and also the Lower Connellsville basin and the ovens attached to the 
lands by copying from the assessors’ books in each township of these two 
fields the sworn statements of the various ow'ners of .the coal lands and coke 
plants. Prom these sworn statements I made the following summaries: 


C<mnellsville Field. Ovens and Acreage in 1912 



Number of Ovens 





Acres 


Tax List 

Connellsville Courier 


Old Basin 

22,985 

1 20,361 

32,461 

Klondike 

12,784 

12,377 

33,029 

Total 

35,769 

32,738 

65,490 
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Connellswlle Field. Ovens going Out of Blast Due to Exhausted 

Coal Acreage 



Old Basin 

1 

1 

Klondike 

1 

Total 

In next 3 years 

1 

5,393 

1,310 

i 6,703 

In next 5 years 

7,097 

2,052 

9,139 

In next 10 years 

11,940 

3,814 

, 15,744 

In next 15 years 

14,529 

1 5,270 j 

19,789 

In next 17 years 

17,491 

[6,130 

1 23,621 


I 


After 17 years there will be, of all ovens shown, 5,494 ovens in the 
Old Basin with 6,881 acres of coal left, with an average life of over 9 
years; and 6,654 ovens in the Klondike with 9,501 acres of coal left with 
an average life of over 13 years. 

Connellsville Field. Ovens going Out 'of Blast Due to Exhausted Acreage 
(Eliminating the H. C. Frick Coke Co.) 


Meechants Ovens 



Old Basin 

Klondike 

Tot^il 

In next 3 years 

2,575 

1,310 

3,885 

In next 5 years 

3,135 

2,052 

5,187 

In next 10 years 

4,691 

3,814 

8,505 

In next 15 years 

6,455 

4,760 

11,215 


After 15 years there will be of the present oven plants shown 1,039 
ovens in the Old Basin, with 1,653 acres of coal left, with an average life 
of over 14 years; and' 3,842 ovens in the Klondike with 5,781 acres 
of coal left, with an average life of over 13 years. 


Number and Life of Ovens of H. C. Fridc Coke Co. in Connellsville Field 



Number of Ovens j 

Average 

Life, 

Years 

Tax List 

Connellsville 

Courier 

1 

Acres i 

! ! 

Old Basin 

15,491 

4,182 

1 

1 14,199 

1 3,664 

j 

I I 

23,896 
14,271 j 

* 14+ 

31 + 

Klondilre 



In addition to the above the Frick Coke Co. has 2,935 acres in Redstone 
township, 1,043 acres in Menallen township and 4,423 acres in Luzerne 
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township on which there are apparently no ovens. This coal together 
with considerable acreage in adjoining townships will probably be 
shipped to by-product ovens, making the total life of the Steel Corpora- 
tion’ s coal lands in the Klondike district approximately 20 to 25 years, 
assuming that they draw on these lands to make up the decline in the 
Old Basin. 

It is clear from this accurate information that the original coking 
coal fields of western Pennsylvania comprising these two basins of Pitts- 
burgh coal seam, which were thought to be inexhaustible a few years ago, 
have only a short life. More astounding than this, however, is the short 
life of what is known as the Youghiogheny or Westmoreland gas coal, 
which comprises the coal in the gas-coal basin extending from Irwin on 
the main line of the Pennsylvania Railroad, east of Pittsburgh, in a south- 
west direction, crossing the Youghiogheny and Monongahela rivers and 
extending into the northern end of Greene county. The coal from this 
basin has supplied probably 90 per cent, of the coal-gas illuminating 
plants in the United States up to the present time. With the disuse of 
oil in gas making, steel heating and melting and in many other industries, 
the demand for this grade of coal will probably double within the next 
five years. Including the Westmoreland field and extending into the 
northern end of Greene county there is unmined and available in this 
basin approximately 150,000 acres. On account of the fact that the 
southwestern portion of this basin makes a standard low-sulphur coke, 
various steel corporations have purchased large bodies of this land and 
there is now only available for the open market the product from about 
70,000 acres of this coal. The short life of the anthracite field is usually 
commented upon, but it can be stated that the commercial coal in this 
particular field and grade of coal will be exhausted in one-seventh of the 
time necessary for the exhaustion of the anthracite coal, assuming that 
the peak of production in the anthracite field has been reached. The 
basin of coal l 3 dng west and northwest of this basin between the Pinhook 
and Washington anticlinals will be called upon to supply the gas coal 
from the Pittsburgh district when the gas-coal basin proper has been 
exhausted. In this discussion, however, all lands west of the Pinhook and 
Murraysville anticlinals are included under the name of “Panhandle” 
coal. 

Fig. 1 shows the number of acres unmined in each subdistrict, the 
number of tons of recoverable coal per acre based on the past practice 
of the district in mining, and the divisions of quality in the district. 
Fig. 2 shows the divisions in the cost of m i ning and the freight-rate divi- 
sions, all of which go toward making the values of the various lands of 
the district. Fig. 3 shows the estimated life of the various divisions 
of the Pittsburgh coal field. The cokrng-coal lands are divided into those 
available and unmined containing 1 per cent, sulphur and under. This 
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includes the Connellsville basin, the greater part of the Klondike field 
and the eastern portion of Washington county east of the Pinhook anti- 
clinal and southwest of Monongahela City, and the field in the north- 
eastern portion of Greene county. The coking coal higher than 1 per 
cent, in sulphur and which must be washed in order to make standard 
coke includes the upper portion of the Connellsville basin, the southern 
portion of the Klondike field and the southeastern portion of Greene 
county. The extreme thickness of the coal and large recovery of coal 



Fig. 1. — Showing Numbee or Acres Unmined and Number op Tons op Re- 

COTBBABLB COAL PEE ACEB. AlSO DiVISIONB OP QUAIjITy. 


to the acre in the southeastern portion of Greene county and the low 
mining cost offset the cost of washing. 

In calculating the life of the various fields of coking coal, the pig-iron 
production tributary to this field of coal up to October, 1912, as given by 
the Iron Age, with a forecast showing the normal increase, is used as a 
basis. It is also assumed that the new fields will replace the declining 
production of the Connellsville basin and will also take on the burden 
of the increased consumption due to increased production of pig iron 
geographically tributary to these coal fields. 

The average flat rate of increase of pig-iron production, based on 
figures for 1900 to 1910, was approximately 1,171,334 tons. For the 
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next 10 years 1,400,000 tons may be assumed as the average flat rate of 
annual increase. The productions from 1912 to 1920 would, therefore, 
be as shown below. This forecast allows little for increase in population 
or increased use of iron per capita. 




Average Pig Iron 
Production 

Coke Required 1.56 Tons 
Coke to 1 Ton Pig Iron 

Year 

Tons 

Tons 

1912 

29,115,000 

45,419,000 

1913 

30,515,000 

47,603,000 

1914 

31,915,000 

49,787,000 

1915 

33,315,000 

51,971,000 

1916 

34,715,000 

54,155,000 

1917 

36,115,000 

56,339,000 

1918 

37,515,000 

58,523,000 

1919 

38,915,000 

60,707,000 

1920 

40,315,000 

62,891,000 


This following statement shows: 1. That 75 to 80 per cent, of all the 
iron production of the United States is located tributary to the coking 
coal of the Pittsburgh district. 

2. The quantity of coke required by the different iron-producing dis- 
tricts. This is arrived at by taking the pig-iron production of the United 
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States for the last five years and the coke production for a like period. 
The pig-iron production of the United States from 1907 to 1911, inclusive, 
was 117,445,261 tons,'and the coke production from 1907 to 1911, 
inclusive, was 183,388,466 tons. Coke required (for blast furnaces, 
foundries, smelters, and gas production) in terms of 1 ton of pig-iron 
production equals 1.56 -f- tons of coke production. 


District 

No. of 
Stacks 

Month of October, 
1912. Pig-Iron 
Production, Tons 

Coke Required, 
Tons 

Buffalo, New York 

'o 1 

179,726 

280,372 

Rest of New York 

2 / 



Pittsburgh district 

51 

621,813 

970,028 ' 

Eastern Pennsylvania (small stacks) 

35 

227,106 

354,285 

Western Pennsylvania 

18 

157,027 

244,962 

Shenango valley (Penn.) 

16 

143,115 

223,259 

Mahonmg (Penn ) 

20 

256,711 

400,469 

Central and Northern Ohio 

21 

237,506 

370,509 

Wheeling district (Ohio and W. Va.) 

10 • 

118,037 

1 184,137 


189 

1,941,041 

3,028,012 

Chicago district (Mich., Wis. and 


i 


Minn.) 

38 

442,091 

689,661 


38 

442,091 

689,661 

Southern Ohio 

9 

38,419 

59,933 

New Jersey.. 

1 

5,370 

8,377 

Southern States. 

41 j 

239,686 

373,910 

Western States 

3 1 

23,326 

36,390 


64| 

306,801 

478,610 


28l' 

2,689,933 

4,196,292 


This analysis shows that the net demand on the Pittsburgh district 
by the different iron-producing districts, is approximately 35,000,000 
tons of coke per year. This figure is arrived at by taking the iron pro- 
duction for October, 1912, of the States of Pennsylvania, New York, and 
northern Ohio, with one-half that of the Chicago and the northern 
Lake district. These requirements show an annual demand for 40,485,- 
212 tons of coke, from which must be subtracted 4,136,000 tons of coke 
manufactured in by-product coke ovens in Pennsylvania, New York, 
and Ohio, and also subtracting 1,000,000 tons of hard coal used in iron 
smelting in eastern Pennsylvania. 

Using the foregoing forecast as a basis and ass umin g that the same 
percentage of pig-iron production tributary to the Pittsburgh coal field 
will be maintained out of the whole production of the country, the life 
of the various subdistricts of coking coal may be stated approximately 
as follows: Coimellsville basin, 15 years; Lower Connellsville or Klon- 
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dike, 20 years; eastern Washington county, 25 years, it being assumed 
that one-half of this coal will be used for smelting iron ore and the other 
half used for gas making, steel melting and other purposes; 175,000 acres 
in eastern Greene county, 40 years. 

Merging all the acreage together the life of the coking coal in the 
Pittsburgh district based on a normal increase in the use of this coal in the 
iron and steel industry and as a domestic fuel to replace hard coal will be 
approximately 40 years. It may be assumed that the present type of 
ovens will be largely replaced by by-product oven plants on the field and at 
the point of manufacture. 



Fig. 3. — ^Estimated Life of Various Divisions of Pittsburgh Coal Field. 


The conditions governing the value of the Pittsburgh coal field both by 
the ton and by the acre may be stated as follows: • 

The Pittsburgh coal field has been so largely operated and the coals 
from the different subdistricts tested that it is not only possible to 
determine approximately the number of tons of recoverable coal per 
acre but it is possible to determine the value of the land based on the 
number of heat units delivered per pound of coal. The pure gas coal in 
the gas-coal basin as compared with the average Panhandle coal as a 
steam-generating fuel (the noncombustible matter including ash, sulphur 
and water) may be stated as follows: The purest gas coal is prepared for 




650 THE PITTSBtJEGH COAL FIELD IN WESTERN PENNSYLVANIA 

market with about 94 per cent, combustible matter and 6 per cent, 
noncombustible matter, the Panhandle coal is prepared for market with 
an average of 90 per cent, combustible matter and 10 per cent, non- 
combustible matter, the average difference being 4 per cent. The average 
delivered cost of a ton of Pittsburgh coal as it is now delivered to consumers, 
including freight rates, approximates $2.50 per ton. (The lowest de- 
livered cost in the Pittsburgh district is about $1.50 per ton. Coal shipped 
by way of the Great Lakes and into Canada and the West is delivered to 
the consumer at from $3.50 to $4.50 per ton, the average, giving due 
weight to the tonnage, is approximately $2.50 per ton.) A difference of 
4 per cent, in heat value on a basis of $2.50 delivered cost per ton shows a 
difference in delivered money value of 10c. per ton in favor of gas coal, 
and reduced to an acreage basis for gas coal amounts to an excess value of 
between $800 and $900 an acre. As has been stated before, the gas coal 
merges gradually from the Pinhook anticlinal westward into Panhandle 
coal and there are points and locations immediately west of the gas-coal 
basin where the difference in value of heat units per pound of coal 
delivered would be much less than the average difference. 

The value of the coal in the Pittsburgh district based on quality as 
applied to any special industry may be reduced to a value per acre of 
land. It has been stated by managers of illuminating-gas plants that 
the Pittsburgh gas-coal product has an ultimate excess value of 25c. to 30c. 
per ton of coal over gas coals from other districts. The coking coal of 
the Pittsburgh seam in western Pennsylvania, based on physical and 
chemical properties and geographical location and freight rates, is given 
possession of approximately 80 per cent, of the coke demand of the United 
States and Canada. Judge Gary, of the United States Steel Corpora- 
tion, is credited with a public statement placing $2,000 an acre as 
the value of coking coal from the Pittsburgh seam in western Pennsyl- 
vania. This checks up with a statement made to me by one of the Pig 
Iron Committee of a large steel corporation that a coke with the best 
physical structure containing 1 per cent, or less of sulphur is worth about 
30c. a ton more in the manufacture of pig iron as compared with higher 
sulphur coke, as additional coke and flux must be placed in the furnace 
in order to remove the excess sulphur. 

The geographical value of the Pittsburgh coking coal based on freight 
rates to distant markets has not been fully grasped either by the steel 
companies or the public. For by-product-coke making or gas making 
along the Great Lakes, at any point, it is possible to ship low-sulphur 
Pittsburgh coking coal to the lake front for a delivered freight cost placed 
on board vessel of 83c. a ton, the vessel rate from Lake Erie ports to any 
point on the Great Lakes ranges from 26c to 35c. a ton, making a total 
freight rate to Lake Superior points of $1.13 and to Lake Michigan points 
$1.18 per ton. The minimum railroad freight rate on coal from West 
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Virginia and Kentucky to Chicago or Lake Michigan points is $1.90 per 
ton. A freight rate from southern Illinois based on about 3 mills per ton- 
mile would be $1.05 per ton to Gary, Ind. Coal shipped from the 
Pittsburgh coal field via lake to Lake Michigan points therefore shuts out 
all West Virginia and Kentucky coals by rail and can be put into the 
storage yard kt the by-product coke-oven plant in the Chicago district 
along the lake front (based on available carbon per unit of pig iron 
produced) at about an equal cost with southern Illinois coal. Southern 
Illinois coal, such as Franklin County coal, according to a paper on 
Illinois coals,* contains from 18 to 21 per cent, noncombustible matter as 
against 6 to 7 per cent, noncombustible matter in Pittsburgh by-product 
coal. I believe that recent developments in southern Illinois indicate 
that these analyses of southern Illinois coals are too high in noncom- 
bustible matter, but taking this coal as now produced in the railroad car, 
16 per cent, may be assumed as noncombustible matter, divided ap- 
proximately into 9 per cent, ash and 7 per cent, water, or 10 per cent, 
ash and 6 per cent, water. There would, of course, be certain losses in 
heat units in the coking of southern Illinois coal on account of the water 
that could not be charged to Pittsburgh coal, and excess sulphur in 
Illinois coal would also reduce the amount of available carbon per 
unit in the blast furnace. The foregoing facts when taken in connection 
with the superior coking qualities of Pittsburgh coking coal would indicate 
that southern Illinois coal for by-product use in the Chicago district would 
not be as cheap ultimately as Pittsburgh coal shipped there by lake, based 
on equal cost of coal at the mines. A careful study of the situation 
indicates also that the pig-iron furnaces bordering on the Great Lakes, 
almost all the furnaces in northern and central Ohio, western Pennsyl- 
vania, furnaces in New York State, a large percentage of the furnaces in 
eastern Pennsylvania, and the furnaces in Canada will draw their fuel 
supply from the Pittsburgh coal field; as that industry increases in volume, 
the coal production will have to increase in the Pittsburgh coking-coal field 
and the life of the field will be shortened accordingly. 

Another factor that governs the value and life of the subdistricts in 
the Pittsburgh coal field is involved in the cost of mining (see Fig. 2). 
The wage scale divides the field into two districts (known locally as the 
thin- and thick-vein mining-scale districts), the dividing line running 
from Port Royal on the Youghiogheny river west through Lock 4 on the 
Monongahela river, and extending stiU farther west through a point 
north of Bentleyville, Washington county. The coal north of this 
line has the thin-vein wage scale, which reduced on the face of the scale 
to a run-of-mine basis amounts to about 7c. per ton excess cost for cutting 
and loading, as compared with coal south of this line. This, however, is 
not a true measure of the cost of mining coal in this district, as natural 


^ Trans., xl, 4 e^ seq. (1909). 
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conditions in various parts of the field modify the cost of the coal as it is 
finally loaded for market. 

The Pittsburgh Coal Co. made sworn statements before the Interstate 
Commerce Commission at Washington on the cost of mining 18,000,000 
tons of coal from Apr. 1, 1910, to Aug. 31, 1911, as follows: 


Production, 

Tons 


Panhandle coal 8,174,880 

Gas coal 5,070,600 

Thick-vein coal (coal south of 5,062,887 

wage-scale line). 


Average Cost Mine Bun Coal. 
(Does not include interest or 
dividends) 

$1.0434 
0 9686 
0.9283 


This statement, on account of the fact that the tonnage is extremely 
large and covers a long period of time, and the further fact that the same 
accounting system was applied to the whole tonnage, and in like manner 
to each district, makes it an accurate measure of the cost of mining 
Pittsburgh coal in the various subdistricts of the field, and for purposes of 
current operation places an accurate value on the land in the dififerent 
districts. From the standpoint of cost it will be seen that the gas coal 
marked area B in Fig. 2 was produced on board railroad cars for prac- 
tically 7^0. per ton less than Panhandle coal. Reduced to an acreage 
basis this in^eates that for current operating purposes gas coal costs 
$600 to $700 an acre less to mine than Panhandle coal. As a steam-gener- 
ating fuel it has been noted before that it is actually worth, at a delivered 
cost price of $2.50 a ton, 10c. per ton more to the consumer, which makes 
its excess value above that of the average Panhandle coal about $1,400 an 
acre, assuming that the consumer is willing to pay for the coal based on 
the heat units delivered. The thick-vein coal was mined for ll|c. a ton 
less than the Panhandle coal, or when reduced to an acreage basis was 
mined for $1,000 an acre less than Panhandle coal. As a large part of the 
thick-vein coal comes under the head of coking coal and gas coal, its 
value, based on delivered results, is almost equal to the value placed on 
coking coal by Judge Gary, as compared with average Panhandle coal, 
assuming the average Panhandle coal value at $200 to $300 per acre. 

Another light may be thrown on the value of Pittsburgh coal lands by 
the sworn testimony of the Pittsburgh Coal Co. before the Interstate 
Commerce Commission involving the same period of time, 6y combining 
the foregoing statement with Comptroller Hornberger^s Exhibit No. 5. 
Exhibit No. 5 gives an average market value of all grades of coal at the 
mine for lake shipment during 1910 of $1.0708 for run-of-mine coal. 
For purposes of calculation it may be assumed that all three grades of 
coal were sold at the same price, and based on this assumption, the 
8,174,800 tons of Panhandle coal earned the Pittsburgh Coal Co. $224,000, 
the 10,123,487 tons of gas coal and thick-vein gas and coking coals 
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earned this company approximately $1,338,000, provided the low-grade 
Panhandle coal was sold at equal prices with the higher-quality coal, 
otherwise all the profits must have been made out of gas coal and the 
adjoining thick-vein gas and coking coal. 

With all these accurate data in hand it is very easy to place values 
on the different subdistricts of the Pittsburgh coal field when measured 
by governing conditions within the district itself. When compared with 
other coal fields and districts in West Virginia and Kentucky it is found 
that the excess freight rate now charged on coal from the Fairmont 
district in West Virginia in the same seam of coal to the lake front is 
12 c. per ton. As compared with Kanawha coals, southern West Virginia 
and Kentucky coals, the excess freight rate to the lake front paid by 
these coals amounts to 19c. per ton and upward. As compared with 
all-rail shipments as far west as Chicago the freight rate on West Virginia 
and Kentucky coals lying nearest to Chicago is the same as the Pitts- 
burgh rate, but by way of the lake the Pittsburgh field has an advantage of 
12c. to 19c. per ton over these coals together with a higher market value 
based on delivered results. The tendency of freight- rate adjustment 
will add additional value to the Pittsburgh coal field in western Pennsyl- 
vania, as is illustrated by the attempt of the C., H. & D. R. R. to haul coal 
to the lake front for approximately 2 mills per ton-mile as compared with 
5 mills per ton-mile paid by Pittsburgh coal. It is reasonable to believe 
that changes in freight rates from the Pittsburgh district will be in reduc- 
tions and the changes in freight rates from southern West Virginia and 
Kentucky will be necessary increases sufficient to maintain the solvency 
of the railroads carrying the coal. 

The Interstate Commerce Commission will find it necessary to fix 
freight rates more nearly on the basis of cost of transportation in order 
to maintain the solvency of the railroads themselves and to conserve 
the natural resources of the country, all of which will tend to conserve 
the Pittsburgh coal field and probably extend its life over the estimates 
made. With the exception of the Connellsville field it may be stated 
that the Pittsburgh coal areas worked over, up to the present time, have 
not shown a recovery of more than 60 or 65 per cent. In the old days of 
nniuiug only the breast coal was mined and only cheaply mined portions 
of this bench were hauled to the tipple. In recent years the 
more modem operations in the Pittsburgh district have adopted sys- 
tems of extraction which permit a recovery of 85 per cent, and 
in some cases 90 per cent, may be secured, but this percentage 
of recovery only represents the last few years and only a portion 
of the district. The destruction of the Pittsburgh coal seam in 
past mining operations in this district was compulsory on account 
of the fact that the railroads of the district placed an extremely 
hi gh freight rate on coal shipped, in order to divide the market with 
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southern railroads, the result being that with union labor, in combination 
with extremely high freight rates per ton-mile from the Pittsburgh district, 
and extremely low freight rates from West Virginia and Kentucky, and 
non-union labor, it has been possible for operators in the southern fields 
to enter markets, to a limited extent, which naturally belong to the Pitts- 
burgh coal field. It is obvious that it is bad public policy to permit the 
issue of railroad securities for transportation equipment, the effect of 
which is to destroy natural resources in order to secure an unnatural coal 
market for a distant coal field, and to increase the gross business of a 
railroad at no profit to the stockholders. As stated before, the present 
condition of the C., H. & D. R. R. illustrates the fallacy of this policy. 
The resources of the Pittsburgh coal field and those of the United States 
cannot be conserved unless the cost of service on railroads is a measure 
of freight rate. With gradual adjustments made in freight rates to cure 
this evil it may be assumed that 90 to 94 per cent, of the Pittsburgh coal 
measures may be recovered. The Connellsville field proper, under 
the supervision of Thomas Lynch, President of the Frick Coke Co., 
has employed methods in mining which are the most efficient in the 
United States. The recovery of coal in the Connellsville field through 
the system established by Mr. Lynch is about 93 to 94 per cent. The 
operations in this field from the standpoint of percentage of recovery, 
safety measures provided for guarding against death and accidents 
to miners, and living conditions around the mines, are an example 
for all coal-mining operations of the country. If the remainder of 
the Pittsburgh coal field through adjustment in freight rates and mining 
costs, would adopt a modified system of the Coimellsville plan of extrac- 
tion, the life of the Pittsburgh coal field would be increased materially and 
the wealth of the district proportionately increased. 

The author of this paper has over a period of 10 or 15 years developed 
a system of mechanical mining to be applied to a modified system of 
extraction as practiced in the Connellsville field by the Frick Coke Co. 
(Pigs. 4 to 5). After spending much time and considerable money in 
this period of time machines and methods were produced which have 
apparently reached a stage of perfection. Several of these machines 
have operated continuously for many months in the Pittsburgh coal field 
with small repairs and without any delays in operation. The results 
are so convincing, that it can be announced without reservation that 
mechanical mining is established and that by means of machines now 
perfected and operating daily, and by adapting the modified plan of 
extraction equivalent to the methods in the Connellsville field, the fol- 
lowing results may be obtained: 

1. That 90 to 96.per cent, of the coal measure may be recovered me- 
ehanically. 
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-Plan of Mining, Showing Extbaction of Coal by Mechanical Means. 
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2. That the cost of mining in thick seams averaging over 5 ft. will 
be reduced from one-third to one-half. 

3. That one man operating the new machines, and using the methods 
now perfected and working, will be able to produce as much coal as four 
to six men produce under the present methods by the use of the present 
machinery. 




Fig. 6. — Plan Showing Retreat. 


^ With all this in view the future of the Pittsburgh coal field is extremely 
bright and the wealth of the district is increased largely. 

It may be stated that the present beehive ovens or open ovens of the 
district will be used to exhaust areas of coal lands attached, but that 
future coke plants supplying the iron and steel industry tributary to this 
coal field will, to a large extent, be the retort type of oven with by-product 
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recovery. Some of these plants will be placed at the point where the 
iron and steel is manufactured and other plants will be placed in the coal 
field. The Pittsburgh district is facing in a few years the total exhaustion 
of natural gas, or at least a very large reduction in the supply. There 
are established throughout the district, and crossing the coal field, many 
large pipe lines which are now used as natural-gas mains. It is obvious 
that these mains may be used for piping retort-oven gas to the various 
industries for industrial purposes and to the cities for domestic use. 
It is also obvious, since the anthracite field has approximately 
reached its peak of production, that small coke made at by-product ovens 
will be used more and more to replace hard coal west of a line north and 
south running through Buffalo. It is the opinion of the author of this 
paper that the majority of the retort-oven plants will be placed in the 
coal field on account of the fact that the pipe lines are already established 
and on account of the further fact that by-products such as tar, am- 
monia, and benzol may be shipped from the Pittsburgh district with 
as much economy as from any, other point. Freight rates throughout 
the country have been established so that the cost of transporting a ton 
of coke to market from the Pittsburgh district is about equivalent to 
transporting tons of coal. This makes it possible to ship coke to 
the various points as cheaply as the coal necessary to make a ton of coke, 
so that there is no transportation advantage in shipping coal to a distant 
point to make by-product coke. The modem construction of railroad 
coke equipment has reached a stage that enables the railroads now to 
haul a train of coke as cheaply as a train of coal of the same weight, the' 
difference, if any, being very slight. The tendency, therefore, will be to 
adjust coke freight rates on the basis of cost of transportation, which 
will be in favor of establishing coke plants in the coal* field in the Pitts- 
burgh district. 

With this adjustment in view, it would be more profitable to establish 
the by-product-coke plants in the coal field, especially if the gas could be 
sold to the pipe lines now established. Or if the railroad lines are equipped 
for electric traction, largely, it may be that it would pay to put the by- 
product-coke plants in the coal field and by the installation of gas engines 
at the coke plants generate electric power which would be transmitted 
and sold to the railroads at low prices. The question of where to 
establish the by-product-coke plant* will depend also largely on whether 
the owner of the coke plant uses his own products or whether the coke 
plant is established for the general market. It would seem, however, 
that a commercial coke plant would have a larger market both for gas and 
coke if established in the Pittsburgh coal field than if placed elsewhere, 
as the established freight rates on coke would allow shipments of coke 
to any point now available, and the local market for gas would absorb 
at fair prices the surplus gas gf the plant, 
von L. — 4? 
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The Book Cliffs Coal Field, Utah 

BY ROBERT S. LEWIS, SALT LAKE CITY, UTAH 
(Pittsburgh Meeting, Oetober, 1914) 

The Utah coal field to which the name Book Cliffs is applied runs in a 
northeast direction from Mt. Hilgarde, in Sevier county, along the 
escarpment of the Wasatch Plateau to the vicinity of Castle Gate, thence 
southeast along the Book cliffs, which lie to the north of and generally 
within sight of the Denver & Rio Grande Railroad, to the Colorado line. 
The Book cliffs form the southern escarpment of the West and East 
Travaputs Plateaus, and vary in height from 2,000 to 6,000 ft. At the 
base of the Wasatch and Book Cliffs escarpments is a broad plain known 
as Castle valley. The coal beds outcropping in the escarpments along 
this valley are worked on the largest scale of any in the State, and this 
particular area is known locally as the Castle Valley coal field. 

t 

Geology^ 

The Book cliffs are capped by the Tertiary — Eocene — formation, con- 
sisting of varicolored shales, buff sandstone, conglomerate, and subordi- 
nate thin beds of limestone. Different sections show diverse stratig- 
raphy. This is mainly the Wasatch formation, and lies unconformably 
upon the rocks of the Upper Cretaceous. Pig. 1 is a generalized section 
of the rocks of the Book Cliffs field. The Mesaverde formation contains 
the cliff-making rocks of the Book cliffs, and is composed of massive sand- 
stone interbedded with sandy shales and beds of coal and carbonaceous 
shale. The sandstone has greater resistance to erosion and the formation 
is characterized by escarpment ledges and cliffs. The shale is commonly 
sandy and is drab in color, but where it is associated with the coal it is 
usually carbonaceous. The sandstone is generally buff, though occa- 
sionally it is white, and in places red. The bedding ranges from thin to 
massive. In the lower part of the formation the sandstone is red in 


^ Abstracted from Bvlletin No. 371, U. S. Geological Survey, by G. B. Richardson. 
Late information indicates the following as the more correct geologic column for 
the rocks in this field: Wasatch remains as given. Mesaverde to be replaced by- 
Laramie with average thickness of 1,800 ft. In place of Mancos shale, the upper 
400 ft. is Montana shale and the next 2,600 ft. is Colorado shale. The Dakota and 
Jurassic remain as given. 
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many places, due to the burning of the underlying beds of coal. The 
Mancos shale is a fissile black, blue, gray, and drab clay shale, which con- 
tains local lenses of limestone and, at the top, thin beds of buff sandstone, 
by which this formation grades into the Mesaverde. The shale is much 
broken by cracks and joints, which frequently contain saline films. It 
forms the base of the Book cliffs and underlies Castle valley. 
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Fig. 1. — Gknbbalized Section op Rocks in Book Clipps Field. 

Coal 

The coal beds are found in the lower 700 ft. of the Mesaverde for- 
mation, and at the top of the Mancos shale. The coal is a high-grade 
bituminous coal, that can be stored for a long time without deterioration. 
Some of the coal which had been exposed to the weather for more than a 
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year appeared to be in excellent condition. Cleating is often strong! 
pronounced and is taken advantage of in mining. Patches of resin occi 
in the seams, being much more plentiful in some mines than in other, 
The coal burns freely, leaving a moderate quantity of ash of a charact< 
closely resembling wood ashes. British thermal units range from 13,48 
to 14,750. The seams worked vary from 5 to over 20 ft. in thicknesi 
and are remarkably free from impurities. They dip at an angle of 6° c 
less, and the mines are usually dry— so much so that the companies hav 
found it necessary to install elaborate sprinkling systems to wet the dus 
which is of a highly inflammable nature. All the mines in the district ar 
worked on the room-and-pillar system. Entries are driven on the doubh 
entry plan. Mining machines have been in use for only a few years, bu 
have come into such favor that they will soon be in universal use througl 
out the field. At nearly all the mines the seams outcrop high up on th 
steep hillsides, making it necessary to use inclines for transporting th 
coal to the tipples. A striking feature of the field is the great extent c 
the area of burned coal, which, in some cases, reaches to a distance c 
2,000 ft. from the outcrop. 

During 1913, Utah produced 3,289,265 tons of coal. Imported co£ 
was consumed to the amount of326,096 tons, most of this coal coming froi 
Wyoming. The coal exported from the State amounted to 680,091 tons 
which was distributed among the States of Washington, Oregon, Calif ornis 
Nevada, Montana, and Idaho. Most of the 314,694 tons of coke mad 
at the Sunnyside plant was shipped to the smelter at Anaconda. 


Operators 

The largest operations in this field are those controlled by the Denve 
& Rio Grande Railroad and the United States Smelting Co. The forme 
controls the mines at Sunnyside and Castle Gate, as well as the Utah 
Winter Quarters, Clear Creek, and Schofield mines in the Pleasant Valle; 
coal field. The latter controls the mines at Mohrland, Black Hawk 
Hiawatha, and the Panther mine near Castle Gate. The mines at Storrs 
Standardville, and Kenilworth belong to other companies. All of thes 
min es have railroad shipping facilities. The road from Price to Blacl 
Hawk, the Southern Utah & Castle Valley Railroad, has a 5 per cent 
grade in places, which is too steep for good railroading and the economi 
handling of the large tonnage expected from this district. For this reasoi 
the United States Smelting Co. is building a new road, the Utah Railway 
from Black Hawk, to tap the main line of theD. & R. G. R. R. at a poin 
about a mile south of Castle Gate. This line will be 24 miles long, am 
will have a maximum grade of 2 per cent. Construction is well along 
and the road will probably be in operation some time this fall. Th* 
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accompanying sketch map, Fig. 2, shows the important mines in both the 
Book Cliffs and Pleasant Valley fields. 

Important Coal-Producing Properties of Utah.^ For Year 1913 


1 

Name of Mine > 

! Men 

Tons 1 Em- i 

Operator 

1 I 

County 1 

Post Ofi&oe 

1 

1 ployed 


' 1 



Winter Quarters . 

400,214 

368 

Utah Fuel Co . , 

Carbon . 

Winter Quarters 

Clear Creek ... . 

272,363 

225 

Utah Fuel Co 

Carbon . 

Clear Creek. 

Utah Mine. . . . 

86,528 

117 

Utah Fuel Co 

Carbon . . 

Utah Mine. 

Castle Gate. .. 

319.692 

502 

Utah Fuel Co 

Carbon . 

Castle Gate. 

Sunnyside. . . . 

669.907^3 

955 

Utah* Fuel Co 

Carbon. . . 

Sunnyside. 

Kenilworth .... 

402,952 

405 

Independent C & C Co. 

Carbon . . 

Kenilworth. 

Aberdeen . . . . 

470 

2 

C. A Ballinger 

Carbon. . . 

Price. 

Carbon 

9,019 

290 

Panther Coal Co 

Carbon . 

Castle Gate 

Storrs 

116,977 

268 

Spring Canyon Coal Co . 

Carbon. . . 

Storrs. 

Hiawatha 

395,185 

461 

Consolidated Fuel Co. . . . 

Carbon. 

Hiawatha. 

Black Hawk. . . . 

176.349 

308 

Black Hawk Coal Co 

Carbon . . 

Black Hawk. 

Ketohura 

500 

15 

Ketchum Coal Co 

Carbon . . 

Castle Gate. 

Standard 

10,000 

56 

Standard Coal Co 

Carbon. . 

Helper. 

NeslCn 

50,266 

91 

American Fuel Co 

Grand 

Neslen. 

Mohrland 

262,359 

357 

Castle Valley Coal Co .... 

Emery . . . 

Mohrland 

.Tohnsnn 

620 

2 

A. M. Johnson 

Emery 

Emery.. . 

Orangeville. 

Orangeville. 

Black Diamond . 

i 262 

2 

Black Diamond Coal Co. . 

Rock Canyon . . . 

417 

2 

Akel Anderson 

Emery.. . . 

Clawson. 

Queatchappel 

794 

2 

San Rafael Fuel Co 

Emery., . 

Castle Dale 

New York 

960 

3 

Utah Fuel Co 

San Pete.. 

Fairview. 

Larson 

1,200 
i 2,100 

16,701 

4 ; 

Mt. Pleasant Coal Co 

San Pete 
San Pete 

Mt. Pleasant 

Mornson 

1 

6 


Sterling. 

Coalville. 

Wasatch 

35 

Weber Coal Co 

Summit.. . 

Grass Creek . . . 

; 56,163 

80 

Union Fuel Co 

Summit... 

Grass Creek 

Rees 

; 22,879 

29 

Rees-Grass Creek C. C ... 

Summit. . . 

Coalville. 

Briquette 

i 2,800 

7 

Superior Fuel & B Co ... . 

Summit ,. 

Coalville. 

North Star 

! 750 1 

3 

Geo Gray 

Uintah. . . 

Vernal. 

Hatch 

i 1,100 

3,100 ! 

4 

P- E. Ritch 

Uintah.. . . 

Vernal. 

Mill 

10 

Pack <& Allen 

Uintah.... 

Vernal. 

Kidd 1 

397 1 

3,283,024 i 

1 

3 

j 

A. C. Kidd 

Uintah... 

Vernal 


® Compiled from the 1913 report of J. E. Pettit, State Coal Mine Inspector. 
^ Nearly all of this coal was utilized in making 314,694 tons of coke. 


Castle Gate Coal Co. 

Two mines of the Utah Fuel Co. are at Castle Gate. The No. 1 
mine entrance is about 600 ft. southwest from the tipple, while the No. 2, 
or Willow Creek, mine is about a mile to the northeast', being reached 
by a motor haulage road 6,300 ft. long. This road has a gauge of 3 ft. 
4 in., and is laid with 60-lb. rails. Trolley supports, made of l|-in. 
pipe, set in concrete, are spaced 25 ft. apart. The road, average grade 
2 per cent., passes through two tunnels, one of which is 1,000 ft. long and 
the other 400 ft. 

Tipple . — ^This is of steel construction, and was built by the Ottumwa 
Box Car Loader Co. It has a capacity of 2,000 tons per day, shaking 
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screens being used. The sizes of the various products are as follows: 
Dust, all coal passing a f-in. screen; screened slack, from f to If 
in.; nut coal, from If to either 4 or 6 in.; lump coal, all over 4 to 6 in. 
For some years the slack coal, that passing a If-in. screen, was sold 
for heating and power purposes until some one suggested taking out the 
dust and making two products. This movement, once started, had to 
be followed by all the companies, and the result is that the dust has 
practically no market and is usually sent to the dump. 

As the two mines are on opposite sides of the canyon through which 
the railroad runs, the tipple is provided with two Phillips cross-over 
dumps, one for each mine. Ottumwa box-car loaders are employed for 
loading the nut and lump coal in box cars; the open cars are loaded 
directly from chutes. 



Fig. 2 — Map showing Location op Important Mines in the Book Cliffs and 
Pleasant Valley Coal Fields, Utah. 


Power House . — ^Dust is used for fuel under the eleven 125-h.p. fire- 
tube boilers. A drag conveyor brings the dust from the tipple to a 100- 
ton steel bin just outside the power house. From the bin, the coal 
is conveyed to the bunkers above the boilers, which are fed by American 
automatic stokers, .The generators installed furnished direct current 
at 500 volts. These are now being replaced by units consisting of a 
500-kw. General Electric alternating-current generator supplying current 
at 2,300 to 4,000 volts and running at 3,600 rev. per minute, directly 
connected to a Curtis turbine taking steam at 100 lb. and running con- 
densing. Ctia nmf. IS nnw in nn£xr*a+Ar^in + 1^0 foundatiou foT St sccond 
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is about completed. Current will be transmitted to the mines at 4,000 
volts, where motor-generator sets will transform it into direct current 
at 500 volts for the locomotives and mining machines. 

The A or lowest seam, 4 to 10 ft. thick, was the first one opened, and 
this is now worked out, save for the stumps of a few pillars. The B 
seam, separated from A by a 30-ft. parting, is not worked in this mine ; 
the seam is too thin (3 ft.) and the coal is not very clean. Most of the 
present output comes from the C seam, 4 to 7 ft. thick, 100 ft. above. 
A 4-ton electric locomotive is used in this seam to take the coal to the 
head of the incline, from where it is dropped to the main haulage slope 
running abong the A seam. The D seam, 7 to 11 ft. thick and underlain 
by 15 to 20 ft. of sandstone and shale, was discovered only a short time 
ago and the work done there is in the nature of development work. At 
present this seam is reached by an incline driven up from the C seam. 
This necessitates a rather roundabout method of getting the coal to the 
tipple, so the company is considering the driving of a slope from the 
D seam to the surface and dropping the coal to the tipple by a new incline. 

The methods of mining differ in minor details in the two mines, but 
the following description of the working of the C seam of the No. 1 mine 
will give a good idea of the method employed. Raise entries are run 
directly up the dip, on a grade of 10 per cent. The first rooms are run 
parallel to the raise entries, leaving a barrier pillar about 70 ft. thick 
between. The side entries are turned off at right angles, giving a prac- 
tically level grade. The rooms are turned off at an average angle of about 
56®, which gives a grade of about 5 per cent. The rooms for hand mining 
are 20 ft. wide, while those for machines are driven 30 ft. wide. The 
pillars between the rooms are 40 ft. wide. Barrier pillars 75 ft. thick are 
left between the ends of the rooms and the air course of the next entry. 
Though all workings are surveyed, the miners are often instructed to 
start the last break-throughs between the rooms, by driving at right angles 
to the rooms at a point 40 ft. back from the end. The State law requires 
connections between the rooms every 125 and 169 ft. and every 100 to 
125 ft. between entries. A large part of the mining in this mine is done 
by hand, but recently five Sullivan short-wall machines have been in- 
troduced. Little or no timber is required in the rooms, but the roof 
must be carefully supported when the pillars are being drawn.' A 
thorough system^ of electric shot firing has been installed. Double 
switches, to guard against leakage, are used wherever the firing wires 
cross the trolley line. Inspectors examine all places where shots 
have been fired in order to locate any missed shots. Mules are used for 
haulage in the rooms. 

The No. 2 mine has two workable seams; the upper one corresponds to 
the D seam in No. 1 mine, and is from 18 to 25 ft. in thickness; the other 
corresponds to the B seam and is from 4 to 7 ft. in thickness. All mining 
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is done by machines, two Jeffrey and three Sullivan machines of the 
short-wall type being used. 

A General Electric locomotive, originally of 20 tons weight but re- 
duced to 15 tons, takes the trips to the tipple. Mules are used under- 
ground for gathering and haulage in the side entries. 

The output of No. 1 mine is about 850 tons per day, and of No. 2 mine 
from 600 to 700 tons per day. Wooden cars with end dump are used. 
These have a 28-in. wheel base, 18-in. wheels, and are made of rough 2-in. 
plank. Two sizes are employed; one holding 2,500 lb. and the other hold- 
ing 5,800 Ib.; the average monthly capacity of all cars is about 2,300 lb. 
The smaller cars are used in the narrow seams where head room is 
limited. 

The Spring Canyon Coal Co. 

The mine oflGice of this company is at Storrs, Carbon county, Utah, 
which is reached by a branch railroad 4^ miles long, connecting with 
the main line of the JRio Grande Western at a junction point about a mile 
north of Helper. 

To one familiar with the hastily constructed buildings found in so 
many Western mining camps the town of Storrs is a pleasant surprise. 
Laid out along the bottom of the canyon, the office, hotel, and miners’ 
cottages are supplied with bath, toilet, and electric lights, and are built 
of light-colored sandstone taken from the nearby quarry of the company. 

The tipple and power house, shown in Fig. 3, are at the lower end of 
the town. The tipple is of steel construction and is equipped with shak- 
ing screens. The coal passes from the receiving hopper to the screens 
over a steel apron picking conveyor 5 ft. wide. Men on each side of the 
conveyor pick out the waste or “bone” as the coal passes by. When the 
mine is working at full capacity there is a depth of from 15 to 20 in. of coal 
on the conveyor, making it hard to clean the coal thoroughly. To over- 
come the difficulty, the management has planned to move the conveyor 
to the lower end of the screens, where only the nut and lump coal will pass 
over it. The width will be increased to 7 ft. and a central longitudinal 
division will be introduced to keep the two sizes of coal separate. Al- 
though the coal is no dirtier than other coals in this field, this company 
is the first to install a picking conveyor. The screens are arranged to give 
the following products: Slack, all the coal passing a l|-in. opening; nut 
coal, between If and either 4f or 6 in.; lump coal, all over 4f 
or 6 in. Some contracts specify 4| in. as a maximum size for nut coal, 
while others call for coal as large as 6 in.; so two sets of screens are re- 
quired. The slack is elevated to the top of the tipple, where it passes 
through a revolving screen with f-in. openings. The oversize, or 
“screened slack,” is sold, but there is so little demand for the undersize, 
or “dust,” that it usually goes to the dump. The run-of-mine coal gives 
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about 45 per cent, lump, 30 per cent, nut, and 25 per cent, slack; the dust 
in the slack being from 5 to 10 per cent, of the total coal mined. The 
tracks under the tipple are laid on a 2 per cent, grade so that the cars will 
move under the action of gravity when the brakes are released. Two 
tracks are for lump coal and one each for the nut coal, screened slack, and 
dust. Gondola cars are loaded directly from chutes, but the box cars 
are loaded with lump or nut coal by means of Ottumwa box-car loaders. 

A narrow slot is cut in the steel chute under the If -in. screen. This 
permits of sufficient slack passing through to supply the power house with 
fuel. A spiral conveyor carries the slack to the boiler room, where it is 
fed by hand to five 150-h.p. Springfield boilers. These boilers are of the 
marine type and give excellent satisfaction. Two 200-kw. General 



Fig. 3. — Power Hotjsb and Tipple of the Spring Canyon Coal Co. Shows 
Characteristic Topography op the Book Cliffs Coal Field. 

Electric alternating-current generators, running at 200 rev, per minute, 
furnish current at 2,300 volts. They are directly connected to Buckeye 
engines. . For supplying lights and extra power, when needed, there is a 
40-kw. General Electric generator running at 300 rev. per minute and 
delivering current at 2,300 volts. This is directly connected to a B. E. 
Sturtevant vertical engine. The power is transmitted to the mine, where 
a motor-generator set transforms it into direct current at 260 volts. 

The workable coal on the property is found in three seams. The 
lowest, or No. 1, seam is 8 ft. thick, and the more extensive workings are in 
this seam. Above this seam, and separated from it by a 20-ft. shale part- 
ing, is the No. 2 seam, ft. thick. This seam is not being worked at 
present. The No. 3 seam, which varies in thickness from 6 to 12 ft., is 
180 ft. above the No. 2 seam. The outcrop of the coal is high up on the 




THE BOOK CLIFFS GOAL FIELD 


666 

steep mountain side, the seams dipping back into the mountain at an 
angle of from T to 10° from the horizontal; direction of dip is about N. 
18° E. The seams are exceptionally free from slate. Near the mouth of 
the main entry the No. 1 seam pinches down to an unworkable thinness, 
but, fortunately, this irregularity is of small extent. The main haulage 
way runs NW-SE. to reduce the grade to a maximum of 3 per cent. The 
locomotive pulls the loaded trip up to the head of the slope. From there 
it pushes the cars out to the loading station of the aerial tramway, 
which connects the mine with the tipple. The loading station is close to 
the entrance to the mine. The necessity of pulling the loads up grade 
introduces an element of danger, for a loaded car or the entire trip might 
break away and, running down the slope, cause a serious accident. The 
company has installed a derailing switch, which is operated by a rope 
running along the side of the haulage way. Should the cars break away, 
the trip rider can pull the rope opening the switch and thus derail the cars. 
Two trips have been stopped in this way, and what promised to be 
serious accidents were prevented. The No. 3 seam is reached by a 
haulage road 2,500 ft. long, which runs along the side of the. mountain. 
This seam has only recently been opened. At present it is producing 
400 tons a day, while the No. 1 seam is sending out 700 tons per day, mak- 
ing a total of 1,100 tons as the daily output of the property. 

The side entries are run nearly east-and-west to give a grade of from 
2| to 3 per cent. Mining is done on the room-and-pillar system. The 
rooms are 300 ft. long by 30 ft. wide, with 34-ft. pillars between. A 
barrier pillar 50 ft. wide is left between the ends of the rooms and the 
air course of the next entry. The first rooms were laid off directly on the 
pitch of the coal, giving a grade of from 7 to 10 per cent. This was done 
to take advantage of breaking the coal on the face cleats, but the grade 
was found to be too steep for safe and easy handling of the cars. The 
rooms are now laid off at an angle with the entry, so that the grade of 
the track along the rooms is about 3 per cent. Horses take the cars to 
the side entries. Gathering locomotives of the reel type then pull the 
cars to the main haulage way. The entries are 15 ft. wide and 8 ft. 
high. The coal is undercut by machines, and is broken down with No. 3 
Guardian powder, made by the Independent Powder Co. 

Two General Electric locomotives, of the outside-frame type and 
weighing 15 tons, are used on the main haulage way, which has 50-lb. 
rails laid on heavy sawed ties. Three gathering locomotives are used. 
They weigh 6 tons each. All the locomotives have a 5-ft. wheel base, 
and operate on 250 volts. Large horses are used in the rooms, because of 
the ample head room afforded and the great weight of the cars. 

The following mining machines are used, all of the short-wall type: 
One Jeffrey, four Sullivan, and seven Goodman. Great care is exercised 
to keep the faces of the rooms as square as possible. In making the sump- 
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ing cut the machines are pointed outward to cut out into the rib, so that 
the full width of the room is easily broken. The rib is left slightly 
irregular, but is squared up with little trouble. The machines make 
a 6-ft. cut. The blasting holes are put in to a depth of ft., the coal 
breaking readily to the full depth of the cut. 

Sturtevant fans, 6 ft. by 2 ft. 6 in., are used for ventilation, one for 
each seam. Owing to the small extent of the working, no gauge pressure 
can be noticed. The overcasts are made with walls 10 in. thick, the 
bottom being reinforced with old rails. A misture of 1 part cement 
with 5 parts of “bug dust,” or machine cuttings, makes an excellent 
material for the walls. It is also used for the stoppings. 

The tramway, connecting the mine and tipple, was built by the 
American Steel & Wire Co. It has a drop of approximately 325 ft. in 
a distance of 3,000 ft. The loading station is on a precipitous slope of 
the mountain. This location is necessary in order to avoid an angle 
station on the tramway. A steel truck holding two of the tramway 
buckets is used in place of a regular mine car. The weight of the as- 
sembled empty car is 3,300 lb. and each bucket holds on an average 2,300 
lb. of coal, making the weight of a loaded car 7,900 lb., of which 41.8 
per cent, is dead weight. This unduly large per cent, of dead weight 
makes the cost of haulage so high that the company is now designing a 
lighter car. The loaded cars, as they come from the mine, pass over a 
Strate coal scale and then on to a tipping platform, where the tramway 
carriers, or hangers, are attached to the lugs on the buckets. The steel 
truck is then lowered to free the buckets and to permit of their being 
started on their way. Two empty buckets are now run over the truck, 
which is raised, and the hangers are then disengaged. The assembled 
empty car is kicked on to the return track by the oncoming load. A 
6-h.p. motor operates the tipping platform. The tramway is self operat- 
ing, but a 30-h.p. motor is installed at the head end to bring up supplies 
in case no coal is being sent down. At the tipple, the buckets are dumped 
by hand. The carriers are automatically detached from the cable and 
run into the tipple on a track. On making the half-circle turn to the 
return track they pass over a small bin, or hopper. The dumping has to 
be done quickly, because of the limited dumping space, and the buckets 
must not come too close together. The estimated capacity of the tram- 
way is 250 tons per hour, but this is not attained at present. It is planned 
to extend the dumping space so that the full capacity can be had. 

The dust in this mine is highly inflammable. To minimize the danger 
of explosion an extensive sprinkling system has been installed, by means 
of which all haulage ways and working places are kept damp. The work- 
ings are free from gas and the miners use acetylene lamps. The mine is 
equipped with the Stromberg-Carlson telephone, and the haulage ways 
are lighted by electricity. Near the entrance to the mine is a repair 
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shop, which is provided with emery wheel, forges, drill press, lathe, and 


shaper. 








Analyses of Coals 



Seam 

Volatile 

Matter 

Ash 

Moisture 

Fixed 

Carbon 

Sulphur 

B.t.u. 


Per Cent. 

Per Cent. 

Per Cent. 

Per Cent. 

Per Cent, 


No. 1 

46.7 

4,5 

1.9 

46.9 

1.07 

14,547 

No. 2 

47.4 

4.6 

0.7 

47.2 

0.98 

14,730 

No. 3 

43.4 

3.6 

1.8 

51.2 

0.89 

14,725 ‘ 


The mine has been producing but slightly more than a year. The 
company controls 2,000 acres, of which 1,200 acres are coal bearing. The 
elevation of the mine is 6,780 ft. 


Standard Coal Co, 

This mine is at Standardville, about a mile northwest of Storrs. The 
Standard is one of the newest companies in the field, and has not yet 


Fig. 4. — Reinforced Concrete Retaining Wall and Shaking-Screen Foun- 
dation AT THE Mine of the Standard Coal Co. 

reached the producing stage. The work being carried on is development 
work, though daily shipments of from 350 to 400 tons are being made. 

The mine and tipple are connected by an incline 4,200 ft, long, the 
first half of which is on a 7 percent, grade, while the second half has a 12.5 
per cent, grade. At the entrance to the mine the coal seam is 14 ft. thick, 
but this represents a rather unusual condition, as the average thickness is 
from 10 to 12 ft. A thin parting occurs about 6 ft. from the floor. 

The reinforced concrete tipple, Fig. 4, presents some interesting fea- 
tures of design. In order to dispense with the approach trestle, and togive 
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a substantial bracing to the tipple, a reinforced concrete retaining wall, Fig. 
5, was built. The wall is 18 in. thick at the bottom, 10 in. thick at the 
top, and is 46 ft. high at the highest point. Buttresses are placed every 
13 ft. The mine cars pass continuously in one direction over a track 
laid close to the edge of the wall. The filling required was 12,000 eu. yd.. 



Fig. 5. — Plan of Reinforced Concrete Retaining Wall shown in Fig. 4. 

much of it coming from the cuts made during the construction of the 
incline. 

The shaking screens rest on roller bearings, which are secured to heavy 
I-beams imbedded in the inclined concrete stringers. Pillars, placed be- 



tween the railroad tracks, support the stringers and screens. To secure 
the undulating motion of the suspended type of shaking screen, special 
bearings were designed. Their arrangement is shown in Pig. 6. The 
brace plates, placed against the sides of the bearings, are firmly riveted 
to the I-beams, which have their ends strongly anchored in the retaining 
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wall in order to make the structure as rigid as possible. It is said that the 
vibration, when the screens are running, can scarcely be noticed. 

The slack is elevated to a revolving screen, which discharges the dust 
and screened slack into steel bins placed beneath the screen. A rotary 
dump, made by the Link Belt Co., is used for the mine cars. The rail- 
road box cars are filled by means of an Ottumwa rocking cradle loader, 
the first one of this t37pe to be used in the State. 


Independent Coal & Coke Co. 

This company’s mine is at Kenilworth, the terminus of the Kenilworth 
& Helper Railroad, a branch line 4 miles long, which leaves the main line 
of the D. & R. G. R. R. at Kenilworth Junction, a point about a mile 
south of Helper. The road has a maximum grade of 6.4 per cent., re- 
quiring the use of Shay locomotives, three of which are now in operation. 
Two of these are of 90 tons weight and the other weighs 70 tons. 

Kenilworth is a well-built town, laid out in a systematic manner on a 
gently sloping flat at the foot of the mountains. There are 159 buildings 
in all, 135 of which are for the miners. Most of these latter are four-room 
houses. About 400 men are employed at present. 

Power House . — This is a substantial stone building containing six boil- 
ers, feed-water heaters, pumps, and generator. The boilers are 125-h.p. 
Kewanee horizontal tubular boilers, 72 in. by 16 ft., and are equipped with 
American automatic stokers. Dust is used for fuel. The 500-kw. 
alternating-current generator is of General Electric make, operating at 
2,300 volts, and is directly connected to a Curtis turbine running at 3,600 
rev. per minute and taking steam at 125 lb. The exhaust steam goes to a. 
No. 2 Worthington counter-current jet condenser and then to the cooling 
apparatus, consisting of 24 Schute Koerting spray nozzles and a concrete 
reservoir of 100,000 gal. capacity. 

Tipple . — The old wooden tipple is to be superseded by an all-steel 
tipple of 3,000 tons daily capacity, designed by the Link Belt Co. This 
tipple is of the shaking-screen type and will make five sizes of coal, in 
addition to the straight mine run. Two 60-ton storage bins are provided 
for the screened slack and dust. A drag conveyor will take the dust to the 
power-house storage bins for use under the boilers. Ottumwa box-car 
loaders will be used. One, of the standard pusher type, is equipped with 
horizontal steam engines; the other is an Ottumwa-Ecks loader of the 
belt-conveyor type, illustrated in Pig. 7. This is equipped with an electric 
motor and is so arranged on a turntable that it can be used on either of 
two tracks. The dump is of the Link Belt revolving type and handles one 
mine car at a time. One feature of the tipple is the use of an incline car 
lift, shown in Fig. 8. The empty cars, upon passing the cross-over switch 
and starting back, run on to a short stretch of steeply inclined track, up 





THE BOOK CLIFFS COAL FIELD 671 

which they are pushed by an endless chain; running in the middle of the 
track; which has attached lugs that catch against the car axles. By the 


Fro. 8.— Link Belt Rotary-Dump Tipple. 

Car lift shown in lower left-hand corner. 

cable from the loaded to the empty trip without being compelled to carry 
it from one level to another. 


Fig. 7. — Ottumwa-Ecks Electric Belt-Conveyor Box-Car Loader at the Mine 
OP the Independent Coal Coke Co. 


use of this lift the head car of the empty trip is brought to the same level 
as the rear car of the loaded trip, and the trip rider can change the haulage 



672 


THE BOOK CLIFFS COAL FIELD 


— Two inclines are used to drop the coal down from the mine to 
the tipple. The first, or Kenilworth, incline, beginning at the tipple, has 
a length of 200 ft. on a 2 per cent, grade, then a stretch of 620 ft. on a 
27.7 per cent, grade, the last part being 1,290 ft. long with a grade of 39 
per cent. This incline delivers the empty cars to the second incline, called 
the “shelf road.” This incline is 1,200 ft. long, with an average grade 
of 12| per cent. It runs around the edge of the mountain to the mouth 
of the mine, following the dip of the sandstone strata. A 25-h.p. motor is 
used on the main incline for starting the trips, while the shelf road is pro- 
vided with a 200-h.p. motor. Eight cars make up a trip. The cars are 
of wood and weigh 3,500 lb. each. Their average load is 7,000 lb. of coal, 
the cars being piled high with lumps. There are three workable seams on 
the property. The lowest seam averages 18 ft. in thickness, and is called 
the Aberdeen seam. The Royal Blue seam, 7 ft. thick, is 45 ft. above this. 
The Kenilworth seam is 66 ft. above this and has an average thickness of 
18 ft. The present daily output of 1,500 tons comes almost entirely from 
the Aberdeen seam. This seam dips N. 10° W. on a 10 per cent, slope. 
The main haulage way runs N. 32° 58' W. along the seam on a 9 per cent, 
slope for 2,200 ft. and then turns due north to keep within the property 
lines. This slope will soon be double tracked throughout. It is provided 
with a double-drum 400-b.p. electric hoist, operating at a speed of 1,000 
ft. per minute. Rooms are 350 ft. long and 24 ft. wide, with 50-ft. pillars 
between. Entries are driven 7 ft. by 12 ft., each pair being driven 65 ft. 
center to center. Horses are used for gathering, no locomotives being 
employed at present, though their use in the future is being considered. 
The coal is mined both by hand and by machines, six of which are in 
operation, one J effrey and five Sullivan, all of the short-wall type. Mono- 
bel powder is employed for breaking the coal, and all shots are fired by 
electricity. An elaborate sprinkling system has been installed. No 
timber is required, the mine roof being exceptionally solid. No work has 
been done toward the opening of the Royal Blue seam, and development 
on the Kenilworth seam has been in progress for only a few months. To 
reach these seams a connecting slope has been driven from a point at the 
bend in the main haulage slope of the Aberdeen seam. This connection 
is 540 ft. long and has a grade of 15 per cent. All the coal from these up- 
per seams will be dropped to the bottom seam for hauling to the surface. 
The double tracking of the main haulage way will provide for a large in- 
crease in tonnage. A motor-generator set transforms the alternating 
current at 2,200 volts into direct current at 250 volts for mine use. The 
steepness of the main incline has been the cause of occasional accidents. 
The mine cars have broken away from the cable, but they hardly ever 
reach the tipple below, being stopped on a fill of soft earth about 200 ft. 
from the tipple. A large mass of sandstone brpke away from the cliff 
above the incline and struck squarely on the rails of one track. It slid 
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down the track and smashed over the end of the old wooden tipple^ doing 
considerable damage. To obviate any such damage to the new tipple, it 
is placed to one side of the old tipple and the tracks are curved for a short 
distance at the bottom of the incline. It is thought that the velocity of 
any runaway object will be so great that it will not make the turn, but 
will keep straight on past the tipple. 

Analyses of Coals 


Volatile Fixed 

Matter, Carbon, Ash, Moisture, B.t.u. 
Per Cent. Per Cent. Per Cent. Per Cent. 

Aberdeen 43.97 51.62 2.96 1.46 13,480 

Royal Blue 39.65 56.89 1.21 2.25 14,026 

Kenilworth 42.83 52.. 52 2.28 2.37 13,536 


Castle Valley Coal Co. 

This company has its mine at Mohrland, in the northern part of Emery 
county, the southernmost point reached by the Southern Utah & Castle 
Valley Railroad. 

Tipple . — This is a substantial framed structure, Fig. 9, covered with 
corrugated iron, and is built in the shape of the letter L; the long arm 



Fig. 9. — Tipple at the Mine op the Castle Valley Coal Co. 

contains the Phillips cross-over dump at the lower end; the upper part 
is long enough to hold a trip of 17 cars and serves to afford protection 
to the men in severe weather. The short arm contains the shakingscreens. 
Wooden bins are used for the dust and screened slack. By their use, the 
tipple is not forced to shut down, should there be a shortage of cars, or 
difficulty in getting the loaded ones out of the way. The mine cars are 

VOL. L.— 43 
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of steel and were made by tbe Watt Car Co. They weigh 3,300 lb. and 
hold from 3 to 4 tons of coal, depending upon the fullness of loading. They 
are equipped with link and pin coupling, but additional side chains are used 
for the sake of. safety. Fairban^ quick-reading scales take the weights 
of the cars just before they run on to the dump. Christie box-car loaders, 
fitted with 50-h.p. motors, are used for loading the nut and lump coal. 
These work at a high rate of speed, throwing the coal against the ends of 
the cars with considerable force, which would lead to the making of a 
large amount of fines if the coal were very soft or brittle. The tipple has 
been in operation but a little over a year. 

Mine . — ^The mine and tipple are connected by an incline 6,600 ft. long, 
having a Tna.-gimiim grade of 10 per cent. The tracks pass through two 
tunnels, one of which is 400 ft. long and is on a 4° curve. Sixty-pound 
rails are used, permitting of high speed of operation. The hoist, at the 
head of the incline, was built by the Denver Engineering Works. It was 
designed for lowering trips with a maximum rope pull of 15,000 lb. at a 
rope speed of 1,500 ft. per minute. This rope pull is taken care of by four 
band brakes, each 15 in. wide and 6 ft. in diameter. The brake rings are 
equipped with a large number of cooling vanes in order to radiate the heat 
generated. The rope sheaves are 6 ft. in diameter and are grooved for 
three laps of If-in. steel rope. Owing to unfavorable grades, the 
hoist is not self-starting, but is geared to a 170-h.p. motor. This is thrown 
out of gear as soon as the trip is well under way. The length of the hoist 
is 20 ft., width 10 ft., and height 7 ft. The shipping weight, exclusive of 
motor, was 55,000 lb. The hoists used' at the Black Hawk, Hiawatha, 
and Standard mines are of similar design. The coal seam on this property 
varies from 12 to 19 ft. in thickness, and dips S. 10° 30' E. at a slope of 2.85 
per cent. The main haulage way runs N. 72° 02' W. and has a slope of 0.3 
per cent, in favor of the loads. Side entries are run N. 18° 58' E. and 18° 
58' W. on grades of -1-1.95 per cent, and —2.45 per cent, respectively. 
Rooms are 400 ft. long by 20 ft. wide, with 40-ft. pillars between. Entries 
are driven 8 by 10 ft., with 50-ft. pillars between. Where the seam is thick- 
est, the first cut is mined 6 ft. in height; a second cut of from 4 to 6 ft. is 
then taken out, and the remainder of the seam, left to insure a good 
roof, is taken down when the pillars are pulled. It is the intention of the 
management not to puU any pillars until all the rooms have been 
worked out. The pulling of the pillars will then begin at the boundary 
of the property. 

Mining is done wholly by machines. At the present tima five Good- 
man chain breast machines and four Jeffrey short-wall machines are used. 
Hauling is done by Goodman locomotives, of weights varying from 5 to 10 
tons. These are equipped with reels for gathering purposes. Because of 
the highly inflammable nature of the dust, the mine is equipped with a 
well laid out sprinkling system. The main entries have 3-in. pipes, with 
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2-in. branch lines down the side entries. A f-in. pipe runs into the 
rooms and 500 ft. of hose are connected to the pipe. A complete electric 
firing system has been installed. The powder used is 40 per cent, Her- 
cules dynamite. Ventilation is good, but the company has recently 
ordered a Jeffrey fan of 300,000 cu. ft. per minute capacity against 3 in. of 
water. Power is generated at 250 volts, direct current, and is transmitted 
as such to the mine. 

The coal is quite free from impurities and breaks readily and in large 
lumps, the output running nearly 70 per cent. lump. The daily pro- 
duction is from 1,600 to 1,700 tons. The elevation of the mine is 
7,800 ft. 

Black Hawk Coal Co. 

The camp of Black Hawk is about 4 miles north of Mohrland. The 
main yards of the new Utah Railroad will be located here and an 
elaborate system of tracks is being laid out. 

Tipple . — This is a frame structure built a few years ago. An incline 
laid with 45-lb. rails and 7,400 ft. long, with a drop of 1,000 ft., connects 
the mine and tipple, yet the coal is discharged near the bottom of the 
tipple on to an apron conveyor which elevates it to the screens. This 
conveyor is a source of much trouble; so much so that the present 
company, which inherited the tipple, is drawing plans for a new steel 
tipple. An interesting feature of the present tipple is the use of lip screens 
with openings 3 in. wide at one end, 5 in. wide at the other, and 11 in. 
long. This type of screen is much used in the Wyoming coal fields. Its 
particular advantage lies in the fact that the pieces of coal are rolled over 
in passing the screen, thus giving a more thorough screening and a 
better opportunity for the nut coal to pass through the screen. The sizes 
made at the tipple are the same as those made by the companies men- 
tioned above. The company supplies much coal to the railroads. This 
coal is run-of-mine grade, but with a maximum size of 8 in. for lumps, 
as the firemen’s union specifies that its members should not be compelled 
to shovel coal of a larger size. Though designed for handling 700 tons 
per day, the present daily output is from 1,100 to 1,200 tons. Box cars 
are loaded by steam-driven Christie box-car loaders. A Phillips cross- 
over dump and Fairbanks quick-weighing scales are used. 

The coal seam varies in thickness from 15 to 22 ft. Mine cars are the 
Watt all-steel car. Haulage way and entries are driven 10 by 10 ft., 
with 40-ft. pillars between. The main haulage way runs S. 42° 37' W 
and has a grade of “-1.98 per cent. Side entries run as follows: First 
west entry, N. 79° 37' W. on a —0.74 per, cent, grade, then N. 47° 93' 
W. on a +0.16 per cent, grade; first east entry runs S. 79° 37' E. on a 
+ 1.29 per cent, grade, then N. 61° 57' E. on a +2.27 per cent, grade. 
Rooms are 400 ft. long by 25 ft. wide, with 35-ft. pillars between. The 
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first rooms driven were turned off from the entries on too sharp a curve 
for electric haulage, but at the present time the rooms are turned off on 
easy curves and gathering locomotives will soon be used. Mules are 
used in the rooms, and 10-ton Goodman locomotives on the main haulage 
way. Mining is done by machines, eight Sullivan short-wall and eight 
Goodman breast machines being used. An electric firing system is in- 
stalled. The switch at the mouth of each room is operated by the 
miners. Each entry has a switch at its head. This switch is in a locked 
box, which can be opened only by a shot firer. The main, or firing, switch 
is located outside the mine. All who enter the mine must hang up checks 
on a cheek board at the mouth of the mine, taking them up on their re- 
turn. The shot firer is not allowed to close the main switch until every 
one has checked out. Should a check remain on the board, the man must 
be accounted for before the shots can be fired. First-aid sets are placed 
in the mine, usually near the heads of the side entries. Power is trans- 
mitted from the power house to the mine at 2,300 volts, where a motor- 
generator set transforms it into direct current at 250 volts. The 
elevation of the mine is 8,100 ft. 


Consolidated Fuel Co. 

The office of this company is at Hiawatha, about a mile northwest of 
Black Hawk. Two mines are operated, Hiawatha No. 1 and Hiawatha 
No. 2. They are on the same seam, but are on opposite sides of the 
canyon. The mines are reached by an incline 10,400 ft. long, 42-in. 
gauge, and with a maximum grade of 10 per cent. The seam is from 12 
to 16 ft. thick. Rooms are 400 by 25 ft., with 45-ft. pillars between. 
Entries are driven 10 by 10 ft. The cabin pillars left at the ends of the 
rooms are 60 ft. wide, but are now being changed to 40 ft. The seam 
dips at about 3 per cent, and the entries are run on grades of from 1/2 
to 2 per cent. The workings are carefully laid out from surveys, and 
this mine is operated in the most systematic manner of any in the 
district. Like the other mines of the district, it is provided with an 
electric firing system; 40 per cent. Hercules dynamite is used. Mining 
is done by machines; seven Sullivan and one Jeffrey short-wall machines 
and one Goodman breast machine are used. Hauling is done by four 
10-ton and one 5-ton Goodman locomotives. The tipple has the usual 
arrangement of shaking screens. The dump is of the rotary type, being 
the first of this type used in the State. The daily output is from 1,500 
to 1,600 tons. 

The Castle Valley and the Black Hawk coal companies and the Con- 
solidated Fuel Co. are controlled by the U. S. Smelting Co., which has 
plans for extensive improvements of the properties. The individual 
power plants are to be replaced by a central station located at Black 
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Hawk. Two 750-kw. generators, direct connected to steam turbines, 
are to be installed and sufficient space is to be left for two more. The 
tipple at Black Hawk is to be replaced by a steel one of 3,000 tons daily 
capacity. Its location is to be such that the tram line will be shortened 
to 6,000 ft. and will be in a straight line, instead of having a curve near 
the middle point as at present. The Hiawatha tipple is to be replaced 
by a steel one of 5,000 tons daily capacity. During the month of 
November, 1913, the payroll of these companies amounted to $107,000, 
about 1,800 men being employed. 


Analyses of Coals 



Moisture, 
Per Cent. 

Fixed 
Carbon, 
Per Cent. 

Volatile 
Matter, 
Per Cent 

Castle Valley. 

2 16 

47.56 

44 60 

Black Hawk . ... 

2.14 

47.29 

43 53 

Hiawatha. . . 

3.29 

51 22 

40 98 


Ash, 

Per Cent. 

5.64 

7.04 

4.51 


Utah Fuel Co. 

The Utah Fuel Co. has two mines at Sunnyside. The seams are cut 
by a canyon, so two mines have been developed. Two seams are worked ; 
the upper seam is 6 ft. thick and the lower seam is from 10 to 12 ft. in 
thickness. The parting is from 18 to 40 ft. thick in the No. 1 mine and 
from 12 to 30 ft. thick in the No. 2 mine. The coal dips a little north of 
east at an average of 9 per cent. 

The main slopes are driven directly down the dip, and 200-h.p. hoists 
are used at the head of the slope. These are capable of handling trips of 
16 cars, each car weighing 5,800 lb., at a speed of 1,500 ft. per minute. 
Side entries are turned off at right angles and at intervals of 400 ft., 
making the rooms 350 ft. long except where a fault of 30 ft. displacement 
cuts through the property; the rooms driven to this fault are 600 ft. 
long. The rooms are turned off at 45® with the entries to reduce the grade. 
Horses and mules are used in the rooms and side entries, while electric 
locomotives haul the coal from the main slopes to the tipple. The two 
locomotives used at No. 1 mine weigh 8 and 13 tons, respectively, while 
the two at the No. 2 mine, where the length of haul is 2,65 miles, are of 13 
and 15 tons weight. The Jeffrey fan at No. 2 mine is capable of supply- 
ing 300,000 cu. ft, of air per minute against 5 in. of water. Its metor 
takes alternating current at 4,000 volts directly from the transmission 
line, but a motor-generator set is used to supply direct current at 500 
volts for the locomotives and mining machines. All mining is done by 
hand at present, but four" Sullivan short-wall machines have been 
ordered. 

This is a coking coal and practically the entire daily output of the 
mines, about 2,500 tons, is made into coke. The breaker, which also 
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coDtains shaking screens in case coal is to be shipped, is in two units, 
each of which consists of one set of toothed rolls, 36 in. diameter by 40 
in. face, which break the coal to nut size (largest pieces 3 in.). From the 
rolls the coal goes to a No. 8 Williams Jumbo disintegrator. A Jeffrey 
continuous bucket elevator 36 by 12 by 12 in. elevates the coal to a re- 
volving trommel, 5 ft. in diameter by 12 ft. long, with f-in. openings. 
The undereize goes to the oven bins, while the oversize is returned to the 
disintegrator. Six-ton electric larry cars are used for charging the ovens. 
There are 726 ovens in operation, but the company can hardly meet the 
demand for coke, most of which goes to the smelter at Anaconda. The 
ovens are of the beehive type, 12 ft. in diameter, and take a charge of 6 
tons. The time of coking is 48 hr. and the coke made is 55 per cent, of 
the charge. All the coke is hand pulled. 

The power house has 14 fire-tube boilers, of 125 h.p., 12 of which are 
kept in continual operation. Both alternating and direct current 
generators are used, but the company is planning to put all power on an 
alternating-current basis, and a SOO-kw. turbo generator, similar to the 
one at Castle Gate, has just been installed. 

Analyses of Coals 

TiiT • i. Volatile Fixed * , c? i v ox 

Moisture, Ash, Sulphur, B.t.u. 

Per Cent. Per Cent. Per Cent. Per Cent. Per Cent. 


Castle Gate 2.88 39.57 64.41 3.14 0.493 13,698 

Sunnyside 1.87 39.22 54.78 4.13 1.022 13,944 


A cknowledgments 

The photograph of the Standard Coal Co.’s tipple was taken by D. 
H. Blossom, chief engineer. I also wish to acknowledge my indebted- 
ness to J. E. Pettit, State Coal Mine Inspector, Prof. R. B. Ketchum, 
of the TJniversity of Utah, and to the various officials of the coal companies 
through whose kind assistance I have been enabled to secure the data 
here presented. 



AN AEEIAL TBAMWAT POE MINING CLIPP COAL 


679 


An Aerial Tramway for Mining Cliff Coal 

BY ARTHUE E. GIBSON, STORES, UTAH 
(Kttsburgh Meeting, October. 1914) 

Synopsis . — A new feature in coal mining, where the coal is to be con- 
veyed from a high to a lower elevation and the topography of the country 
is such as to preclude surface haulage. 

The distance from the mine to the tipple in this instance is about 3,000 
ft. and the difference in elevation between the terminals 321 ft., of which 
226 ft. occurs in the first 1,300 ft. from the loading terminal. 

A mine car was designed especially for this plant consisting of two 
tramway buckets on one pair of trucks, the buckets being lifted from the 
truck, attached to the tram line automatically, and conveyed to the 
tipple. 

Theouqhotjt eastern Utah, in the Book Cliff range and the Wasatch 
plateau, the coal-bearing measures are admirably exposed, in the bold 
and for the most part bare escarpments. The geology is simple, the 
rocks being almost fiat, or at the most dipping not more than 10 per cent. 

The coal beds occur in a formation, or group of strata, consisting of 
sandstone and shale, 600 to 800 ft. thick, which has been correlated with 
the Mesaverde formation of the Cretaceous. Above this occurs about 
2,000 ft. of alternate layers of buff- colored sandstone and shale. 

Below the coal lie the Colorado shales, which are estimated tobeabout 
1,500 ft. thick, below which are the red rocks of the Jura-Trias. 

As a rule the coal beds all dip in a northerly direction and under the 
high mountain. The canyons opening out into what is known as Castle 
valley all cut the coal beds, and the beds rising in the direction of the valley 
are found frequently high up on the escarpment, often as much as 1,000 
ft. above the valley. 

The surface features of the region have an economic bearing on the 
availability of the coal. The valleys and gulches in the Colorado shale 
extend out from the coal areas across the edge of the plain, so that it is 
impracticable to build transportation lines parallel with the boundaries of 
the field within several miles of the coal land. It will be necessary, there- 
fore, to build branch lines up to the coal lands from points on the Denver 
& Rio Grande Railroad traversing Castle valley. 

Coal mines have been in operation in this region for the past 40 years. 
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some of the more important mines being: Winter Quarters, Castle 
Gate, Clear Creek, Sunnyside, Kenilworth, Hiawatha, Mohrland, 
Blackhawk, Storrs, Panther, Standard, Cameron and a number of 
smaller mines. 

The total production of bituminous coal for the State of Utah during 
the year 1912 was 3,088,356 tons, practically all of which was from Carbon 
and Emery counties. The older mines were opened in the most favorable 
locations, f.c., where the coat was low in the canyon, or where the bottom 
of the canyon intersected the coal floor and where an easy grade could be 
procured in building a railroad to the mine. 

Of late, however, all of the mines have been opened at a high elevation 


Fig. 1. — View of part of Storrs, showing Boarding House, Store, and 

Eock Cottages. 


above the level of the surrounding country, necessitating a system of 
haulage which would successfully lower the coal to a level which could be 
reached by railroad. 

In most instances gravity planes have been installed, but at Storrs an 
aerial tramway is in operation. 

This mine was opened in the fall of 1912 and is located in Spring Can- 
yon, which opens upon Price river, 4J miles west of Helper, where a branch 
leaves the main line of the Denver & Rio Grande Railroad. The branch 
railroad from Helper to Storrs, having a maximum grade of 3 per cent., was 
built by the Spring Canyon Coal Co. and later turned over to the Denver 
& Rio Grande for operation. 
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Fig. 2. — General View of Coentry where Tramway was Constrected. 
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The Spring Canyon Coal Co. was organized in 1912 by Jesse Knight, 
of Provo, Utah, the coal property consisting of about 2,000 acres of land, 
upon which have been erected 63 rock dwellings and 10 frame dwellings 
for the convenience of the employees. These houses are modern through- 
out, being equipped with bath, toilet, electric lights, etc. (Fig. 1.) 


PiQ. 3. — EMprr Buckets on Truck Coasting Away prom Transpeb and Loaded 
Buckets Approaching. Hangers pushed out to clear Buckets. 

A large rook hotel has been erected with well-furnished rooms and an 
up-to-date culinary department. The store is of rock also and is con- 
veniently situated in the midst of the greater number of cottages and 
away from the dust of the tipple and railroad yards. 

The company office is in the second story of the store building and is a 
large roomy office with all the necessary equipment for an up-to-date 
mine office. 

The power plant is located at the terminus of the railroad and near the 
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tipple, this point being approximately 321 ft. lower in elevation than the 
portal of the mine some 3,000 ft. away. 

The power house is built of rock with asbestos shingles carried upon 
steel trusses, making the building fireproof. Coal for steam is brought 
from the tipple, situated nearby, by a belt conveyor and dumped into a 
bin directly in front of the boilers. 

Steam is generated in five Scotch marine boilers of 150 h.p. each. 
The power-house equipment consists of two 250 kilovolt-ampere sets and 
one 50 kilovolt-ampere set. The former are Buckeye engines connected 
to General Electric generators, while the smaller unit is driven by a 
Sturtevant vertical engine. 

The electrical current generated is 2,300 volts, which in turn is trans- 
mitted to the mine and transformed by three motor-generator sets of 100 
kw. to 250 volts direct current, which is used in the mine for all purposes, 
including coal-cutting machines, electric locomotives, fans, pumps, etc. 

Three veins have been opened. The lower, known as No. 1, is a vein of 
about 8 ft. in thickness. The coal is a close-grained, glossy black, hard, 
bituminous coal, suitable for steam and domestic purposes especially, and 
on account of its hardness makes the best storage coal on the market 
to-day. This vein is known as a subvein, being 180 ft lower geologically 
than any of the other workable veins in the region. The floor is of 
massive sandstone and the roof is a very hard shale, which does not need 
any timbering in ordinary entry work and very little in room and pillar 
work. 

The next vein above is about 50 in. in thickness. This vein is approxi- 
mately 15 ft. above No. 1. The hard shale roof of No. 1 extends up to 
and forms the floor of No. 2. The coal is very similar to that found in No. 
1 but not quite as hard. This vein has not been developed to any great 
extent, due to the fact that it is too small for the large and specially 
constructed mine cars in use in the other veins. 

The third vein. No. 3, is what is known in the region as the Castle 
Gate vein and is the most persistent of any of the veins in the locality, 
extending for a great many miles in all directions. 

This vein has a thickness of from 3 to 14 ft. throughout the entire 
region, but where developed by the Spring Canyon Coal Co. workings, 
shows a thickness of from 6 to 12 ft., most of the workings being in 8 ft. of 
clean coal. 

Although the general dip of the formation in the vicinity is about 7 
per cent, all entries are driven suflSiciently across the pitch to make the 
maximum grade 'not over 3 per cent., permitting the use of electric loco- 
motives both on the main haulageway and cross entires. 

Two 15-ton General Electric locomotives are used on themain haulage, 
and three 6-ton gathering locomotives of the same type are used in 
connection with the horses in the cross entries and rooms. 



684 AN AERIAL TRAMWAY FOR MIKTING CLIFF COAL 

The coal from Ko. 3 mine is brought along the side hill for a distance 
of 2,500 ft. on a 3 per cent, grade until it reaches the No. 1 vein. 

Here it enters No. 1 mine through what is known as the first left entry, 
and thence is conveyed to the head house, or loading terminal, of the 

aerial tramway. . 

Eighteen cars are hauled in each trip by the 15-ton locomotive; 50-lb. 
rails are used on the main-haulage tracks and 25-lb. on the cross 

entries. , . . 

The motor-generator set referred to above is located m a central posi- 
tion with respect to the haulage system, the greatest distance the trolley 
line extends in any direction from the motor-generator set being about 
2,900 ft. 

Heavy copper feed lines are connected to the trolley system at central 
points in the mine, where the load is heavy, as it is essential to avoid any 
excessive drop in voltage at the working faces. 

The coal-cutting machines in use are of three types and consist of 
seven Goodman, four Sullivan, and one Jeffrey, all of the short-wall con- 
tinuous chain cutting variety. These machines are giving excellent 
service. 

The topography of the country precluded the use of a surface incline 
and the exorbitant price of adjoining property prevented development of 
grades for motor haulage, or railroad to the mine portal. 

The aerial tramway was feasible but had the objection of limiting the 
output of the mine, due to the small capacity of this system. The tram- 
way was built for 60 tons hourly capacity, to be doubled by additional 
rolling stock. With the opening of the upper coal measures it was soon 
evident that this capacity would handicap the mine operations. After 
much negotiation with the manufacturers, they agreed to develop a 
capacity of 250 tons hourly on the line. 

Our tramway has been so fully described in the Salt Lake Mining Review 
and the Coal Age, that the writer will merely outline the principal features, 
together with such changes as have been made to the original equipment 
to develop the increased tonnage. 

In general, the tramway is 2,900 ft. long and has a fall of 321 ft. 
between the terminals. The track cables are If and 1| in. in diam- 
eter for loads and empties respectively, working under a tension of 35 and 
15 tons each. The running rope is f in. in diameter, lang lay. The grips 
are of the regular friction type, operated directly by weight of load, and 
hold very effectually. 

The line operates at a speed of 500 ft. per minute when driven by 
motor, and 530 ft. when the motor is acting as a brake to take care of the 
surplus power developed by the loaded line. 

In operation, two buckets are set in a truck frame of 6-in. angles, hav- 
ing a wheel base of 36 in. and an overall length of 11 ft. 3 in. The buckets 
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are of 40 cu. ft. capacity, rated at 2,000 lb. but in actual service averaging 
about 2,200 lb. 

The car with the two buckets is run on to a platform directly under the 
tram rail, upon which two hangers are positioned waiting for the buckets. 

The car is stopped, the hangers swung under the trunnions of the 
buckets, and the platform lowered, carrying the truck with it, leaving 
the buckets suspended in the hangers. The hangers are then free to 
coast out on the cable. Two hangers with empty buckets are then brought 



Fig. 4.— Flatporm in Raised Position and Hangers being pushed prom the 

Buckets. 


over the empty truck and the platform raised until the buckets rest on 
the truck, when the hangers are swung out from under the trunnions of 
the buckets. (Fig. 4.) The truck with empty buckets is allowed to coast 
through the kick-back and run into the mine while another load is brought 
forward for transferring to the hangers. 

In developing 250 tons capacity several changes were necessary, as 
outlined below: 

The strength of the cables being based on the weight of the individual 
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load rather thaa the total loading of the line necessitated no change. As 
the line lowers the loads, more power was developed than the original 
35-h.p. motor could handle so a 75-h.p. alternating-current motor was 
installed together with wider belts, clutch, and pulleys. Additional brake 
sheaves were put in for stopping the line. The speed of the motor is 
900 rev. per minute and to reduce it to 22 rev. per minute at the main 
shaft two jack shafts are used, stepping down the speed three times, twice 
by belts and once by gearing. To allow proper tensioning of the indi- 
vidual belts adjustable sole plates were provided for the bearings on the 
countershafts. 

Owing to interruptions of power circuits the motor could not be relied 
upon to control the speed of the line at all times and several expensive 
runaways were caused by failure of circuit breakers or fuses. To over- 
come this, the manufacturers worked out a very ingenious control to 
regulate automatically the speed of line without stoppage in event of any 
spurt above normal. Briefly stated, this device resembles a large fly ball 
engine governor and is gear connected to the main shaft to avoid possi- 
bility of failure due to belts or clutches. Instead of weights, as in a gov- 
ernor, large vanes are mounted on large pivoted arms which are extended 
as the'speed rises above a predetermined point and effectually prevent 
the tramway traveling at a higher speed. It is entirely automatic and 
not affected by changes in temperature. A large dial with a pointer 
indicating the speed of the line is connected to an electric gong as an addi- 
tional warning of excessive speed. 

With increased loading of the line, the bending of cables over saddles 
was excessive and a new saddle was developed to overcome this trouble 
and prolong the life of the cables. (Fig. 5.) The new design consists of 
two saddles mounted on a 15-in. channel which is pivoted at the center. 
As the load approaches the tower, the first saddle is depressed and the 
second is elevated until load reaches the pivot point, when the reverse 
takes place. The smooth riding of the load over the towers since the 
installation of these saddles is very marked. To facilitate the turning 
of the cables with heavy loaded line a new swivel for terminals was de- 
signed which allows cables to turn freely imder load. 

When handling buckets on 60-sec. intervals the coal was dumped into 
a hopper 9 by 12 ft., but it was found necessary to replace this by one 
20 by 22 ft. With this area to dump into there is no trouble in handling 
buckets on 15-sec. intervals. 

Owing to constricted space on the ledge upon which the loading termi- 
nal is built the curve of the track for bucket carriers is of short radius. 
The settlement of part of the structure here caused by proximity of dump 
fire prevents proper grading of track and causes many derailments of 
buckets. The buckets derailed here drop several feet. This bends the 
hangers and breaks small parts and has been the cause of most of ourrepaim. 
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Fig. 5. — Type of Sxtpports for Cable. 

clumsy to handle when derailed. Our underground haulage cost is much 
greater than would be the case with the regular type of pit cars. The 
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writer believes one bucket per truck would overcome these objections 
and make a nicer car to handle underground. 

The tramway force and wages paid are as follows: 


1 foreman at $160 per month 

3 dumpers at $2 75 per day 

1 bucket spacer at $3 per day 

1 transfer operator at $3 

$5.33 

8.25 

3.00 

3 00 

5 50 

L assisuanufe au 

X empty-bucket catcher at $2 50 

2 50 

Total . 

$27.58 


In addition to the above, not actually engaged in handling the tram- 
way, but in handling the cars outside the mine, are: 


2 spraggers at $2 50 

$5 00 

1 weighman at $85 per month 

2 83 

1 oiler at $2 * • . 

2.00 


$9 83 

Gross total 

$37.41 


This figure remains unchanged regardless of tonnage, which is un- 
fortunate, as our cost per ton is much greater at 500 tons per day than at 
1,500 tons. These costs do not include items of repairs, changes, etc., 
as the line is in the experimental stage and such costs are borne by the 
manufacturer. 

The manufacturer has shown a commendable spirit of co-operation in 
the design of various changes and alterations to involve as slight delay in 
installation as possible and work in harmony with various other machin- 
ery, much of which was not furnished by him originally. 

Many changes have been made and all seem to be an improvement. 
Two important drawbacks encountered are : First, the size of the force, 
whether on large or small tonnage, and second, the trouble encountered 
with trucks and cost of repairing them. With these points corrected and 
other improvements made so as to bring the tonnage up to 250 tons per 
hour, I see no reason why this tramway should not compare favorably 
with any system of haulage now in vogue in this coal field. 

The most coal put over the line so far in a regular day’s run has been 
at the rate of 200 tons per hour for short periods. 
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Tin and Coal Deposits of the Fu Chuan District, China 

BY M. B. TUNG, HONG KONG, CHINA 
(Pittsburgh Meeting, October, 1914') 


Location 

The Fu Chuan district lies near the eastern boundary of Kwang Si 
province in southern China and is connected with the coast by the West 
river and its branches. 

The Journey 

The first part of the journey from the coast is made very comfortably 
in one of the West river steamers which runs to Wuchow, the great dis- 
tributing center for the whole province. From here there are two ways 
of reaching the Fu Chuan district. One is to drop down the West river 
for 15 miles and ascend the Yuen river for 120 miles. The other is to 
ascend the Fu river, which joins the West river at Wuchow, and at Ping 
Lok take chairs across country. Of the two the former is the more direct 
and shorter but for other reasons I chose the latter. At Wuchow one 
must provide his own means of transportation, which may be a native 
boat anywhere up to 40 ft. in length, but not over 18-in. draft. 

The method of working these river boats against the swift current, which 
in many places develops into rapids, is interesting and worthy of note. 
Tracking along the bank with the tow lin'e attached to the mast head is the 
most common procedure, but poling, sculling, sailing, and winding up 
the rapids by a windlass are used as the case may require. 

The boatmen are the hardiest set of fellows I have ever seen, often 
putting in 15 hr. of the most exhausting labor. The average day's run 
against the current is 15 miles. On this trip one should have his own food, 
bedding, and servants, and a guard of 10 or more soldiers is almost a 
necessity as cex‘tain parts of the river are infested with pirates. 

The first 60 miles of the Fu river are all through sandstones, above here 
the metamorphic rocks come in, mica schists and quartzite predominating. 
In this belt of metamorphic rocks are several alluvial gold areas, both in 
the river itself and along the banks where the valley widens out, which 
are worthy of further investigation. Surface samples from some of the 
big quartzite ridges gave only from 30c. to 50c, per ton in gold. 

In this belt of metamorphics, which is about 60 miles wide, the country 
becomes much more mountainous. Above this belt the river enters 
the most marvelous and beautiful scenery, caused by the erosion of a 

VOL. L. — 44 
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great limestone area leaving its typical topography of spires, domes and 
fantastic shapes which rise sheer from the clear waters of the stream. 
Ping Lok, our stopping place, lies in this limestone country. The journey 
from Hong Kong to Wuchow, a distance of about 300 miles, takes 2 
days by steamer j from Wuchow to Ping Lok, a distance of about 150 
miles, about 8 days by boat, and from Ping Lok to the mines, a dis- 
tance of 80 miles, 3 days by chair. Going by the Yuen river from 
Wuchow the trip may be made in 8 or 9 days. 

At Ping Lok the boat was abandoned and we started across country 
in sedan chairs, the luggage being carried by porters. 

The country passed over the first day was all limestone and sandstone 
but the second day we began paralleling a range of granite mountains 
which at the end of another day’s journey brought us to the tin district, 
which lies along this granite. 

The Nam Shan Granite 

At this point I beg to digress for a little to call attention to this granite 
and to make a tentative proposition with regard to it which I hope, when 
the opportunity offers, will invite further research. 

Extending along the coast line of southwestern Asia from the Yangtze 
valley to the Malay Peninsula and for a distance of 200 miles inland is a 
great mountain system covering over 300,000 square miles. 

Von Richtofen describes this system in one of his letters on China, 
giving it the general name of Nam Shan. Owing to its being so broken 
up and to its absence of any central or dominant range, the existing maps 
do not recognize it as a system. 

Granite forms a very important part of the rocks which go to make up 
these mountains, especially along the coast of China, where it appears 
almost continuously in the white barren-looking hills and islands seen 
from the steamer’s deck on the run from Shanghai to Hong Kong. More- 
over, this granite does not end with this mountain system proper but 
appears in Japan projecting beyond its northwestern limit. The moun- 
tains along the Inland Sea of Japan are made up of this same granite, 
which with its white weathering and characteristic topography presents 
strikingly similar appearance wherever seen. 

On the south, the granite continues far into the Malay Peninsula 
where it plays an important part in the tin deposits of the Malay States. 

Proceeding inland from the coast line of China the granite is generally 
covered by metamorphics and sedimentaries, being itself responsible for 
much of the metamorphism. For several hundred miles inland, however, 
wherever erosion has out deeply, inliers of granite are found, varying in 
size from a few acres up to many miles m area. 

The following are a few common characteristics noted in the various 
areas visited. 
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1. The granite is always found underlying older bedded deposits 
which generally show contact metamorphism. 

2. Regional metamorphism is also extensively developed in many 
places by the granite intrusion. 

3. Its composition and texture while varying somewhat are fairly con- 
stant in the manner of variation. When the granite is fresh and removed 
from any contact it has a coarse texture with large phenocrysts of potash 
feldspar associated with quartz and hornblende and with mica in sub- 
ordinate quantities. In rare localities the quartz in this granite has 
apparently segregated out in large masses of many acres in extent. In 
different localities the amounts of mica vary. 

4. Its appearance is white or mottled, more or less speckled with the 
dark hornblende or mica. 



[Fia. 1 . — Ideal Section of Valley at Wang Ka. 

5. Its topography is quite characteristic. In the case of the larger, 
more prominent mountains, generally found in the interior, where erosion 
has kept the summits clear of laterite, a massive rounded or dome-like 
surface is formed with large boulders abundant which weather to a black 
surface. Where the hills are low and erosion has been unable to keep pace 
with decomposition, the surface crumbles into a coarse sand which scarcely 
supports vegetation and gives the. characteristic white appearance seen 
along the coast. This latter phase is by far the most common. In 
many places one may look for miles over a homogeneous mass of little 
mountains or hills, which appear like a great collection of ant hills. In 
this material are found boulders buried in the laterite to a depth of 50 ft. 
or more, due to concentric weathering of which they are the core. 

6. All the tin properties which I have seen or heard of in southeastern 
China either lie in or contiguous to this granite and I understand that this 
is generally the case in the Malay States also, so that this granite may be 



692 TIN AND COAL DEPOSITS OP THE PU CHUAN DISTEICT, CHINA 

regarded as the ultimate source of the tin. Purthermore, a considerable 
percentage of the other mineral deposits within this vast area invaded 
by the granite owe their origin to the contact of the granite with the 
sedimentaries. 

Upon these general characteristics and upon its geographical and geo- 
logical distribution, I have felt justified in advancing the opinion that this 
granite has come from one parent magma. 

Certainly its influence upon the geology, mineralogy, and geography 
of t.hia part of the world has been profound and it is therefore worthy of 
consideration and study. 

The Fu Chuan Tin Deposits 

The tin deposits of this district so far discovered are all alluvial and lie 
scattered over a range of these granite mountains for a distance of more 



Fig. 2. — Section Showing Typical Contact. 

than 30 miles. The average altitude of this range is about 2,500 ft. It 
is flanked by limestone which forms foot hills and in many places along 
the contact has been changed to a pure white marble. 

This contact of the granite with the limestone, with perhaps a little 
sandstone intervening, is very generally mineralized with iron existing as 
both oxide and sulphide. (See Fig. 2.) In one place there is a hill 500 
yd. long by 100 yd. wide which is entirely covered with good iron ore in 
the form of hematite and magnetite. 

The tin, which is in the form of cassiterite, is found in the streams 
which come down from the hills, but most of it comes from the hillsides, 
where it lies in the oup-Iike depressions of the limestone and can be easily 
gained without the removal of much overburden or interference from 
water. The natives dig it out of these pits, which in extreme eases are 
30 ft. deep, but generally much less, and carry it in baskets to the nearest 
stream, where it is washed in short sluices. 

The deposition of the tin high up on these hillsides is evidence of the 
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erosion that has taken place since the deposit of the tin, there often being 
a limestone summit between these pockets and the granite from which 
they came. 

There are many level valleys among the foot hills ranging from 300 ft. 
in width up to a mile. Nothing is being done in these valleys, where one 
would expect the best ground to be, nor is anything known of their con- 
tents. This is due chiefly to the fact that the only parties working in 
this district are native miners, each working for himself, who depend 
upon their daily product of concentrate for their daily rice. It is entirely 
beyond the resources of these people to prospect or work these valley areas, 
because in the first place cultivated land would have to be bought, and 
drilling and dredging used to prospect and work the ground, as the ground 
water level is only a few feet below the surface in most cases. (See Fig. 1.) 

The ground worked by the native yields cassiterite from 3 lb. per cubic 
yard up. It is free from clay and boulders and is ideal ground to wash. 

No veins have yet been found, but I was given a piece of cassiterite 
weighing over ^ lb. which must have come from a vein. No prospect- 
ing has been done in the granite, which is not recognized by the natives 
as a source of the tin, but they have devoted considerable time to looking 
for pipes in the limestone, which always furnishes them with rich ore; in 
fact, a very cpnsiderable percentage of the tin comes from this class of 
deposit, which is worthy of description. 

Caves are of frequent occurrence in the limestone; these vary from 
cracks up to caves a mile in length and of variable section from large 
rooms to spaces through which it is difficult to crawl. 

The streams have carried the tin into these caves and deposited it, 
together with a soft porous lime salt in a more or less stratified deposit. 
These deposits, which contain from 3 to 5 per cent, cassiterite, are so 
solid that blasting is resorted to in mining. These deposits are much 
sought after by the natives and to their minds, not yet mystified by the 
various theories of ore deposits, answer all the requirements of ore in place. 

In one of these caves about 60 men were working. To reach the 
working place took three-quarters of an hour crawling through passages 
where cold water and foul air divided the scant space and kept one in 
constant doubt whether the best chance of seeing daylight again lay in 
keeping on or turning back. 

The Government Monopoly 

Up to the present the industry has been conducted as a provincial 
government monopoly. The government has established stations at the 
various localities where tin is being washed, where the concentrate is 
bought from the natives, smelted, and marketed. The government itself 
does no mining. Any person can start mining without any formality 
whatever but he is obliged to sell his product to the government station. 
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The price paid is generally fair, varying from 360 to 450 cash per caUie, 
which is equivalent to 12c. to 16c. gold per pound of 70 per cent, concen- 
trate. This would be a most unreliable figure to count on, however, 
should a company commence producing tin on a large scale. 

Under the new mining laws of China which have just been issued 
(April, 1914) it is doubtful what will become of this monopoly, since no 
provision seems to have been made for it. It deserves to pass out of 
existence as it is undoubtedly holding back the proper development 
of this promising field. 

Smelling 

The smelting is done by contract, the smelting contractor guarantee- 
ing 64 catties of tin bullion out of every 100 catties of clean concentrate 
he receives, and his profit is what he can make over and above this amount. 
He is also the man who buys the ore from the miners, which serves as a 
remarkably clever check on the manager of the station. 

The ore is bought by inspection, no assays being made, and a certain 
percentage is deducted for moisture as the ore is always wet when sold. 

If the ore is not up to the required standard, it is washed by the smelt- 
ing contractor, who returns the discard to the miners. 

The smelting is done in a small native shaft furnace (Tig. 3) . The base 
of the furnace is a large iron pan and the walls are built up of brick and 
clay bound with iron. The blast is furnished by a hand bellows made 
from a hollow log. Charcoal is used in the proportion of 1.3 to 1 of 
ore and a small charge is added every 10 min. The spout is left open and 
the blast is not sufllciently trapped so that considerable oxidation of tin 
takes place at this leak. 

Bullion and slag run continuously into a forehearth which is simply 
a hole dug in the floor. No flux is used and very little slag is formed. 
It is skimmed from the forehearth and divided into two classes. The 
top skimmings, which comprise the greater part, are granulated, crushed, 
and washed, and the concentrate, representing about one-tenth of the lot, 
is returned to the furnace. 

The skimmings coming from next to the bullion are returned direct to 
the furnace. Thus the two sources of loss are the oxidation of the tin 
and the discard from washing the slag. The capacity is 700 catties of 
ore and 300 catties of slag in 12 hr. 

The life of a furnace varies from one to three weeks and the cost of re- 
building it is about $10. 

The tin bullion generally assays over 98 per cent, and is used by the 
refiners in Hong Kong to improve the grade of the Y unnan tin. The yearly 
output is about 150 tons of tin bullion. 

Labor is abundant and of excellent quality, the wages averaging about 
20c. per day. 
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The bullion is carried 10 to 20 miles over flat country, 120 miles in 
3-ton boats down a shallow river to the West river, where large steamers 
pass daily. The total cost of transportation from the mines to Hong 
Kong does not exceed $6. 

Should the numerous valleys prove to be dredging ground this district 
might easily become a very important source of production. 



Fig. 3. — Chinese Furnace for Smelting Tin. 


Fu Chuan Coal 

Situated a few miles from the mountains in which the tin is found and 
right on the Yuen river a fine quality of coking coal is being mined also 
by the Kwang Si government. Three seams aggregating 24 ft. in thick- 
ness occur in a black shale bed not over 75 ft. thick, which in turn lies 
in limestone. Above the limestone lies a sandstone breccia which has 
been impregnated with siliceous and iron-bearing solutions, resulting in 
the iron nodules so often seen about coal outcrops. The surface weathers 
into a red soil which may be taken as an indicator marking the extent of 
the coal basin. The coal is developed only to a vertical depth of 160 ft. 
and a length of 1,000 ft., but judging from various outcrops and from the 
geology of the surrounding country I should expect to find a coal basin 
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soycral miles in extent. The dip of the bods varies from vertical to al- 
most horizontal with the folding of the strata. 

The analysis of the coal is as follows: 

Per Cent 

Moisture ..... .12 

Volatile matter . ... 18 5 

Carbon . .65.0 

Sulphur . .09 

Ash. . . . . 14 4 

Coke . . . . . 71 0 

It burns easily with a long flame and makes an excellent quality of 
coke. 

Transportation is the factor which renders this coal field of small 
importance at present. The same conditions of transportation exist for 
the coal as the tin. To exploit this coal on a big scale a railroad would 
have to be built to the West river, a distance of 120 to 130 miles, but for 
the present a light railroad from the mine to Ho Yuen, a distance of 12 
miles, would cut out the worst part of the river, and from Ho Yuen to 
the West river boats carrying 30 tons might be used if the narrow chan- 
nel were deepened in a few places. On the West river barges of any size 
can be used. I believe this coal could be put into Canton or Hong Kong 
for a total cost of $3.50 per ton. 

Discussion 

T. T. Read, New York, N. Y. — I might point out that this paper of 
Mr. Yung's is on a field that is comparatively little known. It is not as 
well known as the Kochiu tin field, of Yunnan, which is probably the third 
in tin output of the world. This field under discussion is considerably 
further west and the tin which is produced here is, according to Mr. 
Yung, of somewhat higher grade than the Yunnan tin, and is used by the 
refiners at Hong Kong to improve the grade of the Yunnan tin. Most of 
you know that the tin from the Yunnan is shipped to Hong Kong, where 
it is refined and shipped to Europe. Mr. Yung points out that the Fu 
Chuan deposits are entirely alluvial and not found in any veins. They 
differ in that from the Kochiu deposits, which Leclere says are ^‘nullement 
aUuvionels; leur origins filonienne est de plus evidentes,'' Granite 
is the country rock here; doubtless the tin occurred in veins in the granite, 
and the deposits have resulted from the disintegration of the granite. 
This is a country of strong erosive agencies. The country is semi-tropical, 
and the rainfall is heavy, so that one would naturally expect deep surface 
erosion of this kind. 

It is interesting to note in connection with the coal field mentioned 
that this is only one of many coal areas in China; one of the most fortunate 
countries in the world, in the wide distribution of its coal. Coal occurs 
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almost everywhere. It has this disadvantage, however, that it is usually 
very friable. The strata have generally been subject to disturbance, 
so that as compared with the coals of this country a great deal of the coal 
is slack, while our coal contains much lump. The natives have met 
this difficulty by the general use of the practice of coking. Aside from 
the big anthracite field in Shansi, the coal throughout the country is 
mostly bituminous, varying from toward lignite to semi-anthracite. 
There is very little lignite, except in Manchuria. The Chinese have 
coked the coal for centuries so that it will stand transportation, since the 
coal is generally transported in baskets. Fine coal would all filter 
through, and if they started with a ton, they would arrive with possibly 
half a ton, so that coke-making is very generally practiced by the natives, 
in crude furnaces. Now, with the organization of large companies, 
they have built modern coke ovens. At Pinghsiang there are two large 
banks of Otto ovens, and the Chinese Engineering & Mining Co. at 
Tongshan is about to let a contract for building ovens. There are also 
coke ovens at Penhsihu, in Manchuria. China has tremendous resources 
in coal which are certainly bound vitally to affect the welfare and the 
future of the country. 

George S. Rice, Pittsburgh, Pa. — I would like to ask if the anthracite 
deposits in China have been sufficiently exposed to know whether it is 
a uniform body of anthracite like that in eastern Pennsylvania, or isolated 
patches such as in Colorado and New Mexico and Washington. 

Mr. Read. — Drake has estimated the average workable thickness 
as 22 ft.; the seams are almost horizontal and occur at no great depth 
over an area which Von Richthofen estimated at 13,500 square miles. 

Mr. Rice. — W^hat is the age of the deposits? 

Mr. Read. — Usually they are found in the upper part of the Car- 
boniferous. The Chinese coals average a little higher in the geologic 
series than our coals in this country. There is a great deal of difficulty 
in the correlation of strata. But my impression is that they are all 
rather higher in the scale than our own. They are probably in the upper 
Carboniferous or Penman. Some of the anthracite coal is the best I 
ever saw. Some of it is very hard and other varieties are very free burning ; 
and it is fairly cheap. The mining is very cheap; the transportation 
is what makes it expensive. That is being remedied by the tremendous 
mileage of railroads which is now being built there. E. W. Parker, 
in one of his papers, estimated the tonnage of anthracite available for 
mining as approximately equal to the anthracite resources of the 
United States. 

Mr. Rice. — ^I s there any volcanic recognized in it? 

Mr. Read. — I think not. 
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Steep Pitch Minwg of Thick Coal Veins 

BY W. a. ■WBILDIN, BANSFORD, PA. 

(Pittsburgh Meeting, October, 1914) 

This paper will be confined to a discussion of the methods in use in 
the property of the Lehigh Coal & Navigation Co, in the Panther Creek 
valley. Only the methods used in mining the Mammoth vein will be 
considered, as the methods in use in the smaller veins are adaptations 
of the same. 

Typical cross-sections of the coal basin are shown in Figs. 1, 2, 
and 3. 

The Mammoth vein varies in thickness. It is 21 ft. at one colliery, 
50 to 125 ft. at another, and over 200 ft. at still another. Its normal 
thickness is 35 to 40 ft. 

At some points in the Panther Creek basin the Mammoth vein is made 
up of three splits — ^the Bottom, Middle, and Top, while in other portions 
the dividing strata between the benches amount to only 1§ to 2| 
ft., and the vein is practically in one. The section of the Mammoth vein 
shown in Fig. 4 was taken at the Greenwood colliery, and shows a thick- 
ness of 60 ft. The miners know it by benches, as follows: The Three- 
Foot, the Pour-Foot, the Eighteen-Inch Slate, the Bony, the Grey Slate, 
the Grain Clear, the Five-Foot, the Seven-Foot, the Slaty or Dirty 
benches, the Blue Slate, and the Top bench. 

The present-day methods of mining are an outgrowth of the experiences 
of the last 100 years in this territory. The first attempt at mining, ac- 
cording to the company’s maps, was made at Summit Hill in 1792, when 
open cuts and pits were made. Later the pillar-and-breast method was 
introduced. This and other methods will be discussed hereinafter. 

Drifts, slopes, and shafts, according to the requirements and physical 
conditions, are the main openings, from which the gangways are driven. 
The gangways (haulageways) and airways are driven along the strike 
of the vein; the gangways in the various veins on the same level being 
connected by tunnels through the intervening rock. The gangways and 
airways in thick veins are heavily timbered throughout. The sets of 
timber, consisting of a collar and two legs, are spaced 5 ft. apart, and 
later, after the ground has settled, additional sets, called “liners” or 
“relief sets,” are placed between, to relieve the strain on the original 
timbers, so that the result is a set of timber every 2| ft. 
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Fig. 2.— Cboss-Section THRonoH Pantheh Cheek Valuet at Lansford Collibby on Line of Nos. 4, 5, and 6 Shafts. 
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The sizes of the ordinary timbers, when of wood, are: Collar, 8 ft. 6 in. 
long and 15 in. diameter; legs, each 9 ft. long and 14 in. diameter, set on 
a batter of 3 in. to the foot. A section of the gangways in the clear, 
therefore, is 7 ft. 6 in. in width at the top and 11 ft. 9 in. in width at 
the bottom at the height of the track, and 7 ft. 6 in. high above the 
track. 

The size of the timber in the airways is 10 to 12 in. diameter when of 
wood, and the size of the opening in the clear is 5 ft. in width at the top 
and 8 ft. in width at the bottom, and 6 ft. in height. A considerable 
amount of steel timber is used, the sizes being for gangways a 10-in. 
I beam, 25 lb. per foot, for collar, and 8-in H columns, 34 lb. per foot, 
for legs; for airways, a 9-in. I beam, 21 lb. per foot, for collar, and 6-in. 
H columns, 23.8 lb. per foot, for legs. Some 6-in. H beams, 23.8 lb. per 
foot, are being tried out for collars instead of the I beams, and so far are 
giving better results. Where wood is subject to dry rot the use of 
steel timber has been very successful, but where there is a constant 
squeezing or heaving it has been found inadvisable to substitute it for 
wood. A very considerable saving in timbering maintenance has been 
made up to this time by the use of steel, and its use is being extended. 

All turnouts and permanent openings, where timbering is necessary, 
are being timbered with steel, and sections of various sizes up to 70 lb. 
per foot are used, according to the requirements. I cannot state 
at this time what the average life of a set of steel timber in a gang- 
way will be, but it will probably be at least 10 years. The average 
life of wooden timber in a gangway is three years. In many instances 
wooden timber has lasted 15 years, and in many others it has lasted less 
than one year, depending entirely upon the physical conditions. There 
are also many instances where it was almost physically impossible to hold 
open certain stretches of gangways and airways until after steel timber 
had been mstalled. 

Figuring the average life of wooden timber as three years, and of steel 
timber as 10 years, the saving made by using steel wiU be fully 100 per 
cent. 

A notable instance of the saving of steel timber as against wood was 
in the case of a turnout which had to be retimbered every nine months 
at a cost of $20 per set for labor and material. The steel timber cost 
$40 per set for labor and material. Steel timbering was installed four 
years ago, and will last many years more. It will be seen that the saving 
amounts to more than $60 per set to the present time. 

We use practically all peeled timber, although at times we are unable 
to procure it. We have not used treated timber in the mines, although 
some of the other anthracite companies have experimented rather ex- 
tensively with it for a number of years at one or two of their collieries.' 
We are experimenting with steel timbering instead of wood in a few of our 
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Fig. 5. — Cut-Back in No. 62 Breast, East Mammoth Vein, No. 10 Shaft. 
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main chutes, those which will have to be held open for five or six years, 
and believe it will result in a saving. 

The proper position of gangways and airways with reference to the top 
and bottom rocks is sometimes a question. In veins pitching from 60° 
to vertical the gangways and airways are driven along the top rock, for 
the reason that the loading chutes, on about 30° pitch, can be driven 
back from the top rock to the bottom rock, providing a safe working place 
for loaders, and also so that the loose coal can be controlled. In veins 
with lesser pitches the gangways are driven on the bottom rock and the 
airway along the top rock. 



Fig. 6. — Method of Working the Mammoth Vein, Lower Level, No. 8 

Colliery. 


The distance between a gangway and its airway, when both are driven 
along the same rock, varies according to conditions. Years ago the dis- 
tance varied from 20 to 30 ft., while during the last few years it has 
been found advantageous in some cases to increase this distance to 50 
ft. in the sections where the chutes were driven on 60-ft. centers, resulting 
in a lower maintenance cost of the gangways. 

The method of opening a breast is as follows (see Figs. 5 and 6) : 
Chutes, 6 by 6 ft., partitioned off to make a traveling way and a loading 
chute, are driven from the gangway on a pitch of 22° until the bottom rock 
is met, and then up the pitch of the bottom rock, to the height at which it 
has been decided to have the stump heading or bottom breast cross-cut. 
At this point a juggler battery is put in and a 4 by 6 ft. cross-cut is driven 
connecting the top of the chute with the top of the next chute. This 
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cross-cut is used for ventilating and travel, and is locally known as the 
“bottom-breast cross-cut.” 

In forming a breast, the “front” manway or dog hole is driven on 
one side 20 ft. up the pitch and a back manway carried on the other 
side; both these are opened off the bottom-breast cross-cut. The open- 
ing between the back manway and the battery collar is 10 ft. wide and 
8 ft. high, and this opening is carried up the pitch and gradually widened 
until it reaches the top of the dog hole, where a connection is made, form- 
ing what is called a “stump” above the battery. The breast is now 
18 ft. wide between the manways. A length of manway is put in on 
top of the dog hole and the first cut-back is made in the following manner: 
The top of the dog hole forms the bottom of the cut-back; manways 
are carried on both sides and the coal is blasted 18 ft. wide between the 
manwa 3 ^ and 10 ft. high all the way back to the top rock of the vein. 
After the first cut-back has been completed the breast is driven 30 ft. 
farther up the pitch, where the second cut-back is made. T,he second 
and additional cut-backs are similar to the first. Where the pitch of the 
vein is 45°, for instance, the loose coal does not fill the whole space made. 
In this case the miners carry a “path” along each rib of the cut-back. 
Two miners blast the coal, each traveling his own path, until the top 
rock is reached and all the coal is taken out between the first and second 
cut-backs. The breast is again driven up the pitch 15 ft., where the 
third cut-back is made in the same way as the second. If the -breast 
does not run away, or the top coal does not fall, a cut-back is made every 
15 ft. up to the old level. In steep pitching veins no paths are neces- 
sary, the miners standing on the loose coal to make the cut-backs. 

It frequently happens that the breast runs away after the second 
or third cut-back is made, in which case a chute is driven along the 
back manway of the breast to a point about 30 or 40 ft. above the face, 
a battery is put in, and another breast is driven similar to the one just 
described. If this breast runs away, the chute is carried farther up the 
pitch past the face of the runaway breast and another breast opened, 
probably reaching the old level. 

At one colliery where the vein is practically vertical and the breasts 
are driven along the bottom rock, the manways are driven along the 
top rock, and this has been found of great assistance, because the man- 
ways are not so liable to become blocked by falls, thus interfering with the 
ventilation of the breast. 

The driving of breasts as I have just described is the common practice. 

Where the vein is divided into its various splits, a different method 
is used. At the Tamaqua colliery there are a bottom and a middle 
split, the parting slate being from 12 to 18 ft. thick. The bottom 
split is 7 ft. thick and the middle split 4f ft. thick. The gangway is 
driven in the bottom split, as is also the airway, 40 ft. above. Rock 
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holes, 50-ft. centers, are driven from the bottom-split airway to the middle 
split. The middle split is mined by breasts 8 yd. wide, and robbed 
by skipping the pillars, beginniag at the top. After the completion of 
the robbing, the bottom split is mined in the same way directly under- 
neath the middle-split breasts. The cost of coal mined by this method 
is high because two breasts have to be driven for 12 ft. thickness of coal. 

It whs originally plaimed to use the breast method in the middle 
split and the chute method in the bottom split; the chutes being driven 
while the breast was being worked. Care was taken, however, that the 
robbing at the top of the chutes in the bottom split was not commenced 
until the robbing had been completed at the top of the breast in the 
middle split. It was found that as soon as the pillars were cut in the 
middle split there was so much squeezing and heaving in the chutes in 
the bottom split that it was almost impossible to hold them open, and the 
plan had to be abandoned. At the present time, breasts are being driven 
in both splits satisfactorily, except as to high cost. 

Many years ago breasts were driven 10, 12, and 20 yd. wide, and 
in the old Rhume Run tunnel of Nesquehoning colliery some were driven 
30 yd. wide. At the present time breasts are driven 8 yd. wide, and 
where the vein is free not more than 6 yd. wide. I should say about 40 
per cent, of them are 6 yd. wide. 

As the width of breasts has decreased, the width of the pillars be- 
tween breasts has increased. For instance, where 12-yd. breasts were 
driven on 50-ft. centers, the pillars were 14 ft. widfe. At the present 
time 6-yd. breasts driven on 50-ft. centers give a width of pillar of 32 ft. 

In thick veins breast work is preferable to chute work, especially 
where there is a good supply of air. The amount of blasting necessary 
is very much less, and consequently the yield of prepared sizes is larger. 
This is due to the fact that after the first cut-back has been made there 
is a loose end. Very often a breast will run away after the second or 
third cut-back has been made, or sooner if the vein is soft, and 2,000 
or more cars will be loaded out before the breast has run through to the 
old lift above. However, when a breast runs it always fills with gas, 
and remains so until it has run through to the old workings, and this con- 
dition requires great care to avoid explosions. 

In chute mining in new ground the chutes are driven almost to the 
old lift above, and as soon as the upper section of the vein has been 
worked and breaks through to the old workings there is not much further 
trouble with gas. 

The coal is mined by, driving chutes back toward the top rock, where 
breasts are driven first along the top rock, and later up the pitch. Re- 
treat is made down the main chute for 30 to 50 ft. and another chute 
driven to the top rock, and the operation repeated. This method is 
carried on until the chute has been robbed down. 
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All the coal has to be blasted, as heavy falls cannot be expected 
on account of the shortness of the sections, and also because there are 
no loose ends. The maintenance cost of the chutes is very high. The 
result of a test made at one colliery from 1907 to 1909 showed that 
the breast method cost only 60 per cent, as much as the chute method. 
However, the recovery by the breast method was only 92 per cent, as much 
as by the chute method. 

The most important question in mining, especially in so far as the 
ultimate yield of the vein is concerned, is the robbing of the pillars. 

In the early mining, the practice was’ to cut the pillars at the bottom 
of the breast by stripping a slice off the pillar at the top of the dog hole 
and bearing into and cutting it through if possible. It was followed up 
the pitch until it became dangerous to follow any farther, or until the 
gob from the old breasts rushed in. By this method a large percentage 
of the pillar was left standing, as the hea'vy rock from the breast would 
soon rush in and the place would be abandoned. 

A later method was, to drive a chute in the center of the pillar some 
distance up the pitch, where the pillar was cut through from the rib of 
one breast to the rib of the other. A larger percentage of coal was ob- 
tained by this method, but it was soon found that the maintenance cost 
was very high, due to the squeezing of the pillars, although it was more 
successful on the slighter pitches than on the heavy pitches. On the 
hea'vy pitch, the coal and rock coming do'wn the chute knocked the timber 
out, causing hea'vy maintenance charges. 

Another former method was to couple up the old manways of the 
breasts on each side of the pillar and put in a battery (the old breasts 
being left full of coal). The bottom benches were taken out between 
the manways and were cut back in the middle of the pillar toward the 
top rock, care -being taken to leave a small pillar on each side above the 
old manways which had been coupled, in order not to break them. 
After these pillar breasts had been driven up to the same height as the 
face of the old breasts, loading was commenced from the three batteries, 
trusting that the small pillars over the manways would crush, and all 
of the coal would be won. This method was found objectionable, as 
the pillars squeezed so much that it became too dangerous for men to 
continue to work, and they were seldom able to drive the pillar breast 
as far as the face of the old breast. 

The chute method of robbing pillars was then tried out. These chutes 
were driven about 25 ft. apart and to within 30 ft. of the old level above, 
and robbing commenced at the top. It was first thought that by this 
method it would be easier to reach the coal between the chutes; however, 
it was soon noticed that so many openings caused such a general squeez- 
ing in the chutes that it was almost impossible to keep them open, and 
in fact many of them were lost. This distance between centers was then 
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increased to 50 ft., and later to 60 ft. The main chutes were connected 
up by slant chutes, which were used for ventilation and later for robbing 
the various blocks of coal in the pillar. This method is the present 
practice. 



Fig. 7. — Method of Working Breasts and Pillars, East Mammoth Shaft 

Level, Colliery No. 10. 


At the Greenwood colliery a record was kept of every step in the 
driving of two adjoining breasts and the robbing of the pillar between 
(see Figs. 7 to 9), in order to determine what recovery of the vein was 
being made by the method in general use. At this point the vein was 
59 ft. thick. The section was 190 ft, long. The total contents of this 
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section were 590,000 cu. ft. of solid coal, or 8,260 mine cars of 125 cu. ft. 
each. There were loaded out 5,442 mine cars, a 65.9 per cent, recovery. 
This work was done in 1909, 1910, 1911, and 1912. 

The method of robbing the pillar was as follows: Chutes were 



Fig. 8.— Method of Working Breasts and Pillars, East Mammoth Shaft 

Level, Colliery No. 10. 


first driven along the manways; slant chutes were driven across the 
pillars, and a chute driven back almost to the top rock. Then a breast 
was driven up the pitch and the coal mined. Chutes along the small 
pillars between this breast and the old breasts recovered that part of the 
vein. After all of the coal had been mined near the top rock, another 
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Rq. 9. Method of Worhing Breasts and Pillars, East Mammoth Gangway, Shaft Level, No. 10 Shaft, Greenwood Colliery. 
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breast was opened off the main chute (driven back through the pillar), 
and later chutes were driven to mine the small pillars between the breast 
and the old breasts. When all of the coal possible had been mined in 
this way toward the top rock, a breast was opened up the pitch along the 
bottom rock. Again chutes were driven to mine the small pillars between 
this breast and the old breasts. After all of this- had been done the upper 
part of the pillar was supposed to have been robbed completely; then 
retreat was made down the chute about 30 ft. and a main chute driven 
back through the pillar, and the whole operation repeated. 

The drawings show a network of chutes and breasts. It has been 



found by experience that, in order to recover a good percentage of the 
coal, where the vein is so thick, chutes must be driven in any and all 
small pillars that have been left between any of the breasts or chutes. 
In every case, however, the pillar being robbed must be controlled; it 
cannot be allowed to run away. 

The reworking of old territory is always an interesting problem. 
Years ago it was the practice to reopen an old gangway in the vein, and as 
a rule the cost was heavy, especially if the ground had not been standing 
long enough to settle thoroughly. In some instances ground has settled 
in six or seven years, while other ground has not settled in 16 years. 
The most satisfactory way to rework the old Mammoth territory has been 
by driving the gangways in the Skidmore vein and driving rock chutes to 
the Mammoth vein. At first these rock chutes were driven about 




OF Working Bottom and Middle Splits of Mammotj 
THE Pitch. No. 5 Shaft, Second Level, East Skidmore, 
(See notes on opposite page.) 
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100 ft. apart. This distance has now been extended to 120 ft., 140 ft., 
and even 150 ft. at one colliery. The rock chutes are connected at the 
top with slant chutes; then, about 10 ft. off the rib of the rock chute, main 
chutes are driven straight up the pitch, and these main chutes connected 
by slant chutes across the pitch. These slant chutes provide ventilation 
and also determine the location of any pillars which had not been worked. 
At several collieries where the pitch is almost vertical, a straight or box 
chute about 40 ft. in length is driven up the pitch from the apex or 
meeting point of the two slant chutes (Fig. 10). At the top of the box 
chute two other slant chutes are driven, and again at their meeting 
points a box chute is put in. This is continued and we are able to reach 
up the pitch any distance desired. In many cases we have driven up the 
pitch over 400 ft. This method has proved its value and at all times 
the miners are held safe. 

As a rule this system of chutes is made in the bottom bench of the 
vein, which in most cases has been found solid; the reason being that 
the coal was extremely hard and could not be mined at a profit many 
years ago. At intervals, holes are driven through the 18-in. slate into 
the middle and top benches of the vein, and the gob from the old breasts 
is drawn out. Where the gob is of such a nature that it can be driven 
through, chutes are driven on a pitch of 30° to 35° through the vein into 
the top rock. A pitch of 35° is not too heavy through gob, as more rock 
has to be handled, and the gob itself is sticky or gummy. Where the 
bottom bench has been worked, it is necessary to do all of the opening 
work for robbing purposes in the gob. On the steep pitches we prefer to 
make the chutes on a pitch of from 30° to 35° and drive across the vein 
(along the strike) or else directly through it (at right angles to the vein), 
for the reason that in the gob it is necessary to protect the roof of the 
chute by driving poles, 6 to 10 ft. in length and 4 to 6 in. in thickness, 
ahead of the actual working face, to give full protection for the placing of 
the next set of timber. 

It is readily seen that in loose ground, if the chutes were driven 
directly up the pitch on say 70°, the poling process would be of no 
benefit, and miners would be in danger from falls of material. 


Notes to Fig. 10. (See opposite page.) 

A, Rock Chutes, Skidmore to Bottom Split of Mammoth. About 30 ft. long on 
35®, 6 by 8 ft. Chute, 120-ft. centers. 

J5. Slant Chutes on Bottom Rock of Bottom Split of Mammoth. About 70 or 
80 ft. long on 35®, 6 by 6 ft. Chute. 

0. Straight Chutes up the Bottom Rock of Bottom Split of Mammoth. About 
20 ft. long on 70®, 6 by 6 ft. Chute. 

Z). Breasts on Bottom Rock of Bottom Split of Mammoth. About 160 ft. long 
to surface on 70®, 8-yd. breast, 60-ft. centers. 

E, Tapping Chutes from Bottom Split to Middle Split of Mammoth. Used as 
batteries for running coal. 
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In driving rock chutes from the Skidmore to the Mammoth vein, the 
question often arises as to the economical spacing of the rock chutes, 
due to the varying thickness of the rock between the two veins. Our 
experience has been that where the rock is 30 ft. thick the chutes can 
be driven 100 ft. apart; 40 ft. thick, 120 ft. apart; and 90 ft. thick, 150 
ft. apart. 

About 1891, when the fourth and fifth levels at the Coal Dale colliery 
were opened, the gangways were made in the Skidmore vein and rock 
chutes driven every 50 ft. to the Mammoth vein. These chutes were 
about 30 ft. in length and on a pitch of 35®. The mining in the Mammoth 
vein was done according to the usual methods which I have described. 
These Skidmore gangways required a great deal of repair, due to the 
very poor top rock of the Skidmore vein at this coUiery, and also to the 
small distance between the chutes. 

At one colliery, where the pitch varies between 80° and 90°, a some- 
what different system of slant chutes was adopted. The slant chutes 
were driven across the pitch at about 30° and along the bottom rock. 
At the junction point of the slant chutes a chute was driven through the 
vein to the top rock, then turned back again to the bottom rock and 
slant chutes again driven. There are a number of instances where more 
than 1,000 ft. of such chutes have been driven from the top of one of 
these rock chutes. 

In other cases (depending upon the conditions), instead of driving 
the rock chute from the Skidmore to the Mammoth, a chute has been 
driven up the pitch in the Skidmore to the predetermined height, and 
then a rock chute driven into the vein, the object being to make the 
opening above the point where the breast has run away and filled with 
rock. Where we have been able to work this method it has proved 
successful. 

A variation of this method is being tried out at the Lansford No. 4 
colliery (Pig. 11), where the vein is on a pitch of 72°. The rock chutes 
are driven from the Skidmore gangway to the Mammoth, and from 
the top of these chutes long slant chutes — 7-ft. collar and 7-ft. leg — on 
a pitch of 35° are driven along the bottom slate of the Mammoth vein 
to the bottom of the old breaches on the surface. This is being done 
for the purpose of re-robbing the old workings between the old Water 
Level gangway and the surface, the lift being about 300 ft. Prom 
these slant chutes, straight chutes — 5-ft. collar and 5-ft. leg — are driven 
up the pitch at about 35-ft. centers, depending upon the condition of 
the gob. The robbing work is started at the top and is continued down 
the pitch. Great care is taken to keep the robbing faces far enough ahead 
of the chutes driven later, in order to not bring on a squeeze 

Still another variation is being tried out at Lansford No. 4 colliery, 
fourth or Slope Level. This plan (Pig. 12) differs only from the scheme 
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36-ft. centers. 

ha. 12,— Method op Working the Mammoth Vein, as Viewed at Right Angles to the Pitch. No. 4 Slope, Fourth Level, West 
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used in the Water Level, just mentioned, in that a 6 by 8 ft. chute is 
driven from the Skidmore gangway straight up the pitch in the Skidmore 
vein for 15 ft,, these chutes being spaced 140 ft, apart on the gangway. 
From the top of the straight chutes, slant chutes on a pitch of 35^, 6 by 
8 ft. in size, are driven along the bottom rock of the Skidmore vein for 
about 80 ft. and connected at the top. From that point a rock chute — 
6 by 8 ft. — on a pitch of 35° is driven back to the Mammoth vein, about 
30 ft. ; then long slant chutes are driven on 33° pitch along the bottom 
rock of the Mammoth vein to the old level above. The intention was 
to strike the Mammoth vein above the batteries of the old breasts which 
were filled with rock. 

We have lately arranged to make further tests of these schemes in 



Fig. 13. — CkosS'Section Showing Original Mining and Present Robbing op 
Mammoth Vein, Water Level, Coal Dale Colliery, 


working new territory, in order to make comparisons with the results ob- 
tained from the old established piliar-and-breast method. 

The question naturally arises, which is the better of these chute 
plans ? The chute yardage driven is practically the same in both methods, 
with a little saving made in the long slant chute method. The great 
advantage of the long-chute method over the box-chute method lies in the 
flow of the coal throughout practically ail of its course on the light 
pitch, causing very much less breakage; the only real drop of the coal 
being in the straight chute immediately at the robbing point. In the 
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box-chute method there is bound to be considerable breakage in the 
straight box chutes unless they are kept full at all times, and this, we 
know, is frequently neglected by the workmen. At best there is bound 
to be a certain amount of grinding of the coal in the box chutes. 

In many cases the present working is the fourth mining of the same 
piece of territory. The results of the old mining showed that on the 
first mining 30 per cent, had been recovered; in the first robbing, 16 per 
cent. ; in the second robbing, 8 per cent. ; and in the present working, 10 
per cent. 

At Coal Dale No. 8 colliery workings, about 60 years ago the first 
gangway was driven in the Mammoth vein along the bottom rock, and 
mining was done by the old pillar-and-breast method. After the gang- 
way had been driven to its limit it was robbed out. About 15 years later 
another gangway was driven through the same territory along the top 
rock of the vein, and this in turn was robbed out. About 30 years 
ago another gangway was driven at a level about midway between the 
two gangwaj^ just mentioned and the crop; later the gangway was 
robbed out. Five years ago, believing there was a large quantity of coal 
to be won in this territory from the Mammoth vein, we began to drive a 
gangway in the Skidmore vein 30 ft. underneath the Mammoth and drove 
rock chutes, 100-ft. centers, to the old Mammoth workings. We figure 
the present recovery from this section at 10 per cent. 

If the present method of mining— that is, mining the Mammoth vein 
from the Skidmore vein by means of rock chutes — had been adopted in 
the original mining , there could have been recovered not only the 10 
per cent, now being obtained, but also the 64 per cent, recovered by 
means of the three gangways and their airways above mentioned, with 
their various breasts and chutes. 

The writer had a record kept of the recovery and the cost of working 
900 ft. of this territory during the past five years, and estimates that the 
$45,000 or $60,000 which these old openings cost could have been saved. 
The cross-section (Fig. 13) of the vein shows the position of the old 
gangways and the present Skidmore gangway. 

In mining very thick veins on steep pitches, it will always be possible, 
even though the most improved methods are used in the original mining, 
to win some coal by re-mining, but the cost of obtaining what remains 
will depend upon market and wage conditions, and may be prohibitive. 

Many years ago no coal except that of the very best fracture and best 
appearance was mined, because it was the only kind found salable. Also, 
only sizes above chestnut (made over a f-in. round screen) could be 
sold. In recent years, all sizes including No. 4 buckwheat (made over 
a iV-iu. round screen) are easily salable, and as a consequence, territory 
that years ago could not possibly be mined at a profit can now be^made 
to pay. 
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It has been found of great advantage to make panels of a territory 
where coal is virgin or where the distance between the Skidmore and the 
Mammoth veins is too great for practical use of rock holes. The length 
of these panels depends upon the distance between the veins; the panels 
in some cases being 600 ft. long, and varying up to 1,200 ft. The 
paneling system has been very much extended during the last five or six 
years in the Panther Creek field, and the results have been so satisfactory 
that the new lifts are being laid out and worked on this plan. At prac- 
tically all points, none of the veins imderlying the Mammoth are work- 
able. The haulageway is being made in the Skidmore vein, which varies' 
from a thin leader to 3 ft. in thickness, and tunnels are being driven at 
1,000-ft. intervals from the Skidmore to the Mammoth, Primrose, and 
Orchard veins, and gangways opened in both directions off the tunnels, 
thus making a section of about 500 ft. of each gangway which can be 
mined and robbed. This will allow an increased number of working 
faces, and also a greatly reduced time through which the gangways must 
be maintained. In years to come this will result in a great saving in 
the mining of the Mammoth vein. 

Where a panel tunnel is driven a pillar is left over it, this pillar being 
recovered when the gangway is being robbed out. Every 10 breasts 
a solid block of coal is left; that is, the coal which would be mined by the 
eleventh breast is left solid with the exception that the gangway and 
airway are driven through it. This block is mined on the retreat. The 
reason is that in case of a mine fire a solid piece is available from which 
to begin the fight to extinguish the fire. These pillars also have a 
checking effect on a “creep.” 

Experience has shown that when the Mammoth gangway, where the 
vein is 50 to 60 ft. thick or thicker, is being robbed out the best results 
are obtained by bringing back the face 80 to 120 ft. per year. To many 
people this has seemed unnecessarily slow, and many attempts have been 
made to* hasten the work, but in every case there has been a very de- 
cided loss in the amount of coal recovered. This is due to the disturb- 
ance of the thick vein matter causing a general squeeze a considerable 
distance back from the point of actual robbing and making the main- 
tenance of the gangway not only costly but almost a physical impossi- 
bility. In some instances a couple of himdred feet of gangway has been 
lost, owing to quicker robbing than that mentioned. 

When opening a new colliery or a new lift at an old colliery, the 
question often arises whether it is not better to drive gangways and air- 
ways to the boundary limits before opening breasts; also whether it is 
advisable to open two lifts instead of one. I believe that with the 
proper system of paneling better results can be attained, because it is 
possible to have several working faces instead of one, enabling a quicker 

VOL. L.— 4^ 
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development. These panels can then be robbed out in a reasonable time, 
thus preventing heavy timber maintenance cost. 

With the system of driving the gangways to the limit there is a period 
when nothing but development work can be done, and later nothing but 
robbing work, whereas in the paneling system some sections can be 
robbing while others are developing, thus keeping the product of more 
uniform quality. 

The driving of the gangways and airways in the Skidmore vein has not 
only reduced the timbering expense, but it has improved the ventilation, 
for the reason that, the vein being so thin, there are no falls to block the 
airways. 
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Shot Firing in Coal Mines by Electric Circuit From the Surface 


BT GEORGE S. RICE AND H. H. CLARK, PITTSBURGH, PA. 

(Pittsburgh Meeting, October, 1914) 

When miners in the interior coal fields of the United States began the 
practice of blasting the coal without undercutting, or what is known as 
“shooting off the solid,” many explosions resulted, some of them of 
great extent and violence, and attended with large loss of life. One 
of the means adopted for preventing this large loss of life, though not 
preventive of explosions, was to employ shot firers to discharge the shots 
when all the other employees had gone out of the mine at the end of thd 
day’s shift. This system still prevails in most of the Central and South- 
western mines. 

Following the disaster at Winter Quarters mine, Utah, May 1, 1900, in 
which 200 lives were lost, a system of firing shots electrically from outside 
and when the men were out of the mine was adopted at the mines of the 
Utah Fuel Co.^ This system has also been used in France in certain 
mines that are subject to instantaneous outbursts of carbonic acid 
gas. These outbursts generally occurred at shot-firing time, on account 
of the blasts releasing the gas held in crevices under high pressure. 

The system was also adopted at a number of other mines in Utah, at 
the Cokedale mine, Colorado, at the Dawson mines. New Mexico, and in 
some mines of the Tennessee Coal, Iron & Railroad Co. in the Birming- 
ham, Ala., district; and more recently in certain mines in Iowa and Kansas. 

At first there was considerable trouble from misfires, and in a few 
instances from premature firing, while men were in the mine, through the 
shot-firing lines becoming crossed with power lines. Fortunately, how- 
ever, no loss of life resulted from such premature firing within the knowl- 
edge of the writers, and latterly this danger has been reduced to a mini- 
mum by certain measures of precaution. The proportion of misfires, or 
failures of individual shots to fire, has also been reduced to a very small 
number through better installation and arrangements of the shot-firing 
circuits, so that the system has proved very satisfactory, and has stood 
the test of a number of years’ experience. The system and regulations 
employed in one mine are described in part in Bulletin No. 10 of the Bureau 
of Mines. 

‘Electrical Shot Firing in Coal Mines, Engineering and Mining Journal, vol. 
Ixxxviii, No. 6, p. 243 (Jan. 30, 1909). 
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The need of the adoption of the system, under the conditions 
which preTail where coal is shot off the solid by black powder or 
dynamite, has recently been brought to the front by the large number 
of shot firers that have been Mlled, particularly in the Southwestern 
mines. 

In some districts where there are restiietions on the quantity of black 
powder that may be used, and where a careful inspection is made of the 
holes before the shots are charged, there has been reasonable freedom 
from accidents; that is, only occasionally has there been an explosion, 
with the loss of a shot firer or two. This has been the situation in coal- 
mining States like Illinois and Iowa, but in Indiana, where larger charges 
of explosives are permitted by law, explosions resulting in the deaths of 
shot firers have been more frequent. In Kansas and Oklahoma, however, 
it is admitted on all sides that the methods of shot preparation have been 
extremely reckless, so that explosions have been very frequent. This has 
been due to the use of long drill holes, 6, 8 and even 10 ft. or more in 
depth, drilled straight into the solid, and sometimes loaded with both 
dynamite and black powder, such shots being used at the face of entries to 
crack and pulverize the coal in order that it may be easy to make a shear- 
ing. So many shot firers in this Southwestern district have been killed 
and with such regularity, that at some mines they have to be paid $10 
per day for a shift of only 2 or 3 hr., and this price is none too high, as 
the risk is tremendous.' One mine, for example, had three shot firers 
killed in as many explosions in one year and another two in a single 
month. Many of these explosions, particularly in the pitching beds of 
McAlester, Okla., which are often dusty and gaseous, are violent, resulting 
sometimes in wrecking the whole mine. As most of the mines in Okla- 
homa are on lands of the Civilized Tribes, who are the wards of the nation, 
the supervision of the leases is under the charge of the Indian Bureau, the 
U. S. Bureau of Mines acting in an advisory capacity; both bureaus are 
in the Department of the Interior. 

In order to lessen the loss of life in the Indian lands from the use, or 
misuse, of explosives, and to lessen the number of mine fires and explosions 
caused by the use of black powder and d 3 mamite, the Secretary of the 
Interior issued an order effective Aug. 1, 1914, afterward suspended to 
Jan. 1, 1915, as follows: 

“On and after Aug. 1, 1914, except as hereinbefore provided, only such explosives 
as shall have passed the tests of the (United States) Bureau of Mines, and have been 
designated as ‘permissible explosives, ' shall be used in any coal or asphalt mine on 
the segregated coal and asphalt lands belonging to the Choctaw and Chickasaw 
Nations in Oklahoma. 

“Permissible explosives shall be fired by detonators of a strength not less than No. 
6 or otherwise as may be approved by the Bureau of Mines, and shall be used in quan- 
tities and under conditions approved by said bureau. 

“Other kinds of explosives than ‘permissible explosives' may be used in mines in 
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wHoh tlie holes are loaded and the shots fired by special shot fixers using an electric 
system from without the mine. The right is reserved to revoke this exception of the 
use of ‘permissible explosives’ if it shall be found that explosions of gas and dust are 
caused thereby resulting in loss of life or of coal through mine explosions or mine fires. 

“During the months of June and July, 1914, and subsequently as may prove desir- 
able the Bureau of Mines will supply on apphcation, free of charge, the services of an 
expert to aid in demonstrating the best methods of using permissible explosives.” 

At a number of mines on Indian lands where the seam worked is flat, 
the operators are preparing to introduce undercutting machines and use 
permissible explosives, which are very effective where the coal is undercut, 
but which (with exceptions) cannot be used effectively in shooting off the 
solid, since they are quicker acting than black powder and their charge 
limit is 1 J lb. In hard or tough coal this is insufficient to throw down the 
coal without its having been undercut. 

In pitching beds, under systems of mining now employed, there are 
difficulties in introducing the types of mining machines which are most 
popular. While it is probable that machines of equal efficiency may be 
developed which will be more suited to the conditions, and also that 
changes in the system of mining may be made which will permit some of 
the present semi long-waU or short-wall machines to be used, there are 
difficulties in agreeing upon labor scales to cover such new work, and 
therefore some of the operators on the Indian lands, to conform to the 
Department’s order, have indicated their intention of introducing elec- 
tric systems of shot firing from outside the mine. It is on account of the 
prospective wider adoption of this system that it seems desirable to have 
the matter of specifications for the installation of the shot-firing system 
and the regulations governing it brought before the Institute, with a view 
to a discussion as to what such specifications and regulations should be, 
and with a view to making the system as efficient and safe as possible. 

Electrical Shot-Firing Systems 

Electrical shot firing from the outside of a developed coal mine differs 
in general from similar shot firing from within a mine only in the number 
of shots fired at one time, and the greater distance to the shots from the 
point of firing.’ There are, however, several differences in the details of 
the equipment and its arrangement. Outside firing, as compared to 
inside firing, requires larger firing generators, larger conductors for dis- 
tributing the current, better insulation on the conductors, and better 
insulators to support them. 

Since the main firing circuit of the outside firing system is a permanent 
one that extends over a large area and is exposed to various untoward 
influences and possible mishandling by many people, various switches 
and safety devices must be used in connection with the system. 

It is also essential that there be provided effective means for insuring 
that no one is in the mine when the shots are fired from the outside. 
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Factors C contributing to the Success of the System 

In order to insure safe and successful operation an outside system 
must be installed with careful attention to the following points : 

1. Freedom from accidental connection with its source of power. 

2. Freedom from stray currents from other sources of electricity. 

3. Freedom from connection to the earth. 

4. Freedom from short circuits between the two sides of the shot- 
firing line. 

Freedom from accidental connection to its source- of power requires 
that several switches located at different points should be connected in 
series with the line, and that these should be closed in predetermined 
order, and only by the man authorized to perform this duty. 

Freedom from stray currents requires that only properly insulated 
conductors be used for the shot-firing circuits, and that such circuits be 
properly installed and protected from roof falls and where crossing or 
passing near other electric circuits. 

Freedom from ground connections is desirable because such connec- 
tions allow the firing current to be diminished by leakage, and at the 
same time provide a path by which stray currents may reach the firing 
circuits. 

Freedom from short circuits on the firing line or from even moder- 
ate leakage between the two sides of the firing circuit is essential to the 
proper distribution of current tb the detonators or fuses. 

Tentative Specification for an Outside Electrical Shot-Firing System 

There follows a tentative general specification for the various parts of a 
shot-firing system, which is subject to change whenever the wisdom of 
such modification is made manifest as a result of enlarged experience. 

(1) Generator . — The generator should be a direct-current 250-volt 
compound-wound machine having a momentary capacity of about 30 
kw.; 250 volts is recommended because this voltage will distribute the 
necessary current throughout the mine without necessitating the use of 
prohibitively large conductors and it is better than 550 volts because it 
will produce less strain upon the insulation of the line. However, 550- 
volt currents have been successfully used, and if there is a source of power 
of this voltage already installed in the mine power plant, it may be used 
with some saving in size of shot-firing conductors. 

(2) Distributing Circuit . — The size of the conductors used should be 
sufficient to pass at least 1.25 amperes through each room or heading cir- 
cuit immediately upon closing the firing switch. This current will insure 
that three or four electric igruters or detonators (if perfect) will explode, 
even if they vary in resistance 25 per cent, above and below the average. 
With less current than 1.25 amperes, the Bureau of Mines has found by 
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experiment that detonators 25 per cent, high in resistance will explode and 
open the circuit before detonators 25 per cent, low in resistance can 
become ignited. 

(3) The conductors should be insulated with rubber if installed in 
damp places, but if installed in dry places may be insulated with triple- 
braid weatherproof insulation. However, as the humidity in coal mines 
is generally high it is advisable to use the rubber insulation. 

(4) The conductors should be supported upon glass or porcelain insu- 
lators placed so near together that the wires do not touch anything. It is 
better not to install the circuits in the same entries with other electric wires, 
especially trolley lines, but preferably in the parallel entry, and when 
they have to cross other electric circuits, the shot-firing wires should be 
completely protected from contact with other circuits both under normal 
conditions and under conditions that might arise from roof falls and 
other contingencies. Where a troUey line must be crossed, the shot-firing 
lines should be protected by special timbering, or placed in a channel cut 
in the roof, if the roof is low. 

(5) The wires that are used for connection between the room switch 
and the detonators will have to extend for a certain distance beyond the 
last insulator in order to allow for extensions without making frequent 
splices. These unsupported ends should be coiled up and hung on the 
post that supports the last insulator. From that post the wires will, of 
course, have to extend without support toward the face, but care should 
be taken that they do not make contact with the floor if it is wet. The 
ends of the wires should be scraped clean of iosulation and the connection 
with the detonator leads made-by cleaning the ends of the leads and twist- 
ing them tightly about the ends of the permanent room wires. The de- 
tonators in a room should be connected in series but the room and entry 
circuits should be connected in parallel. 

(6) Svdtches . — There should be a double-pole single-throw switch at 
the entrance to each room or heading of entry. This switch shoxild be 
mounted secxirely on a post with the hinges of the switch at the bottom. 
The room wires should be connected to the hinge or lower terminals of 
the switch and the power wires to the upper termmals. 

(7) There should be at the mouth of each entry a double-pole single- 
throw 50-ampere switch mounted in the same manner as the room switch. 

(8) At the foot of the shaft, slope, or bore hole where the shot-flring 
circuits enter the mine there should be provided two plugs with flexible 
lines not less than 5 ft. long to protect further the mam circuit of the 
shot-firing system rmtil aU men in the mine have gone out. Provisions 
should be made for locking the plugs out of circuit. 

(9) There should be located in the shot-firer's cabin, in a locked box, 
a switch that shall be thrown only by the authorized shot firer after all 
the men are out of the mine and after all other switches have been thrown 
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in. This switch should be so designed that it can be thrown but once 
without operating a locked dog, tooth, cam latch, or other restraining 
device. The switch can be operated again only by unlocking the device. 
The authorized shot firer shall be the only person having a key to this lock. 

(10) There should be located in the power house a switch in a locked 
box, used for connecting the shot-firing circuit to the generator or power 
line. This switch shall be thrown in only by the shot firer before closing 
the shot-firing switch, but not until all the men are out of the mine. 

Explanation of Specifications 

Specifications (1) to (6) are self explanatory, but it may be advisable to 
make some further explanation of the paragraphs relating to switches and 
cutouts. 

(6) With reference to the requirement of a switch at the mouth of 
each room or heading of entry, electrically it is of course not necessary 
to have such a switch, but to promote safety it is of the utmost impor- 
tance. The mmer in connecting up the shot-firing wires with the detona- 
tor or electric igniter leads at the end of his shift when he is about to go 
out of the mine, would, if there was any stray current through grounding 
on a power line in the entry, be exposed to the risk of premature firing. 

It very much lessens the danger if there is a switch at the mouth of his 
room attached to a post in plain sight of the inspector or mine oJB&cial 
going along the entry; and so placed that the miner is somewhat protected 
when the switch is thrown. The miner throws this switch in when he goes 
out of the mouth of his room or heading, after connecting up the shot- 
firing wires. The room and heading circuits are in parallel so that if by 
any inadvertence the miuer fails to throw in the switch it does not cut out 
the other working places in the branch entry off which the rooms are 
turned. 

As an additional precaution to prevent premature firing, switches 
are placed at the mouth of each branch entry, such branch switches being 
placed in a locked box, the key of which is in possession of the official 
in charge of the branch or district. This reduces the area affected by 
possible stray currents until these switches are thrown.- 

(8) The purpose of putting in the circuit a gap 5 ft. long, as specified 
above, at the foot of the shaft, s\ope, or bore hole where the shot-firing 
circuits enter the mine, is primarily to prevent the possibility of a dis- 
charge by lightning, which may strike the outer circuit entering the mine, 
and would jump an ordinary switch opening. This actually happened 
in a certain mine, evidently when the men had already left their working 
places, so that no accident resulted. This plan of using flexible lines 5 
ft. long was then adopted at this mine. 

(9) The reasons for the specifications for the switch in the shot-firer’s 
cabin and power house are self evident, except that the reason for ar- 
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ranging the switch so that it may not be again accidentally closed, is to 
prevent a possible electric flash at the working face in case of grounding 
of the lines when dust and inflammable gas may have been liberated by the 
discharge of the shots resulting from the first switch closing. 

Checking In-and-Out System 

An important part of an electric shot-firing system from outside the 
mine, is the method of keeping track of the employees entering the mine, to 
insure that the shot firing is not done until all of them have come out. 
At many mines, irrespective of the system of shot firing, the checking 
in-and-out system is used. Where such a system is employed, the 
check board should be kept in the shot-firer’s cabin or adjacent to it. 

One excellent method is to have the check board arranged so that every 
employee and visitor entering the mine may have a number; when the em- 
ployee is working at the face his number will most conveniently be the 
same number as used for the checks which he places on mine cars he has 
loaded. These are generally iron cheeks ; the man checks should be made 
of brass or other metal to distinguish them from the car checks. When no 
one is in the mine all of the man checks should be on the board, so that at 
a glance it can be observed whether or not there is any missing, which 
would mean one of two things, either that the man was in the mine, or had 
come out of the mine and gone home without leaving his check. There 
should be a penalty for non-delivery of the check. 

The shot-firer’s cabin should be so located that the men in coming out 
of the mine are compelled to pass the cabin, by means of fences, or by 
direction of officials stationed at the mouth of the mine. As a man enters 
the mine he is handed the brass check, and if it is a gaseous mine he may 
be given his safety lamp at the same time. When he comes out of the 
mine he gives up his check. When the shot-firing time comes the shot 
firer examines the board, then if there is any check missing a search is 
made for the man. There should be accessible for quick reference a book 
or list showing where each underground employee ordinarily works, if 
he has a regular station, which is the case with 90 per cent, of the 
employees. 

The checking system, therefore, serves two purposes: One for the 
protection of the men from shot firing, and the other in case of an accident, 
such as a fall of roof upon a man working in an isolated place. When he 
does not appear at the end of the shift he will be sought for. By imposing 
suitable penalties on those who are careless either in coming out of the 
mine at the proper time, or in not giving up their checks when they have 
come out, it is very seldom, at mines where this or similar systems are used, 
that men fail to give up the check promptly. 

When the shot firer has been informed by the imderground officials 
that all the underground main switches have been closed, that the 5-ft. 
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gap in the circuit where it enters the mine underground has been bridged 
by the flexible connections, and is sure that all the men are out, he pro- 
ceeds to the power house, unlocks the switch box and closes the switch that 
connects the generator to the shot-firing lines; he then returns to the 
shot-firing cabin, opens the box containing the shot-firing switch and oper- 
ates that but once. The reason for the mechanical locking of the switch 
in an open position after throwing, has already been explained. 

In mines that use black powder or dynamite for shooting off the solid, 
fires are frequently started by the explosive, particularly if the mine makes 
a little inflammable gas at the face. It is, therefore, essential after shot 
firing that an inspection be made as rapidly as the state of ventilation 
permits, by a fire boss or other official, both to extinguish incipient fires, 
and to find out whether there have been any misfires. If there have been 
some shot failures it will be necessary to re-connect the shots that failed, 
after first having opened all the branch entry switches and the room 
switches on those branches where the shots failed. Then after recon- 
necting the switches leading to these shots, the balance being kept open, the 
officials come out of the mine and again try to fire those shots. In the 
event of a second failure it will probably be necessary to examine and test 
the shot-firing lines for grounds or other defects; and if none are found, to 
withdraw the explosive charges by the most approved means, and re- 
charge, using fresh detonators or igniters. 

Manifestly the success in handling such details will depend upon the 
efficiency of the mine organization; but as already stated, the percentage 
of failures in mines where the system has been tried for years is very 
small. 

The object of having all the shots, which may be as many as three or 
four in a single room or heading, coimected in series, is two fold: 

(1) To prevent the amount of current falling below that which is 
necessary to discharge the detonators or igniters. 

(2) To insure that either all of the shots in the room or heading be 
discharged, or none at all. This is because in shooting off the solid 
where a number of shots are likely to be prepared, especially if there are 
three or four, the success of some of these shots is dependent upon the 
success of the others; in other words, they are “dependent shots.” In 
firing shot by shot, the order in which they go off can be assured; but 
while this undoubtedly is the best system, the next best method is that of 
having them all go off at once. It is true, it is possible to use delayed 
detonators or igniters. In this type, pieces of fuse of varying length are 
inserted, the electric current firing the fuse, and the latter in turn igniting 
the explosive; thus by regulating the length of fuse the shots may be put 
off in the order desired. However, the complications of this in the hands 
of the less experienced or intelligent miners make it somewhat dubious 
whether there is any material gain over firing simultaneously. 
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Electric Shot Firing from Outside by Districts or Branch Entries 

A number of ingenious systems have been experimented with to fire 
shots in a mine from outside, sectionally. That is, first one pair of entries, 
then another pair, and so on, under the theory that this was less severe in 
its effects upon the mine. However, experience has indicated that the 
effect of discharging shots throughout the mine at one time is not any 
more severe than when the shots are fired by sections. In fact, at a large 
mine it is impossible to tell at the mouth when the shots have been fired, 
there being so little effect in the way of setting up an air wave. It would 
seem that the local pressures set up by the shots in the different rooms 
and entries neutralize one another so that there is no general concussion 
wave started. Further, there does not appear to be any serious diffi.culty 
with the roofs (apart from causing falls of roof), or blowing out of ventilat- 
ing doors, stoppings, etc., as is liable to take place in the ordinary shot 
firing, shot by shot. 

The expense of a new installation, apart from the generator, is from 
$1,000, in a mine of moderate size, to about $3,000 in a large mine. 

Discussion 

Norman V. Breth, Pittsburgh, Pa. — It was my privilege to visit 
in the last two months on behalf of the U. S. Bureau of Mines 10 mines 
where electric shot-firing systems controlled from outside the mine are 
installed. 

I will describe briefly what I saw in some of these mines, which are 
located in Utah, New Mexico, Oklahoma, Alabama, and Kansas. 

At a mine in Utah, 230-volt alternating current is used to fire the shots, 
which is taken from a small transformer in the substation. The shot- 
firing circuit is independent of all other wires and is tested for grounds 
every day. There are no lightning arresters on the firing circuit. Porce- 
lain insulators are used inside of the mine, and glass outside. 

The switches are situated as follows: One in the substation, one in 
the shot-firer's cabin, two at each cross entry; where the shot-firing circuit 
crosses the trolley wire a switch is placed on either side of the entry in 
series with the shot-firing circuit. 

The miners are checked in and out of the mine. 

The coal is undercut and is shot down with permissible explosive, 
the shots being connected in multiple. There are 75 to 110 shots fired 
each day. A great many times there are no missed shots. If not more 
than two or three are missed they are left until next day. The fan is 
kept running at full speed when the shots are fired. The shot-firing 
switch is closed only once and the whole mine is shot at once. 

At another mine in Utah, power wires are used for shot-firing 
circuits; 500-volt direct current is used to fire the shots. The only 
sizes of wire used outside of the power wires are Nos. 8 and 14 B. & S. 
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gauge. The return is connected to the pipe lines and track. Porcelain 
insulators are used inside of the mine. 

The switches are situated as follows: One in power house, the shot- 
firing switch, one inside the mine controlling the whole mine, one at each 
cross entry, and one at the end of the trolley wire. 

The shot-firing switch is only closed once when the shots are fired. 
Part of the shots are connected in series and part in multiple. The coal 
is undercut and shot down with permissible explosives. The miners 
are checked in and out of the mine. .About 150 shots are fired each day. 
In case of missed shots a new hole is drilled. The whole mine is shot 
at once. The fan is left running when the shots are fired. 

At a third mine in Utah, the power used for firing the shots is taken 
from a small transformer at 244 volts, alternating current. The main 
circuit is No. 6 B. & S. R.C., and the room wires are No. 14 B. & S. R.C. 
Porcelain insulators are used inside of the mine, and glass outside. 

The switches are situated as follows: One firing switch, two at each 
cross entry, and a short-circuiting switch inby from the entry switches. 
The coal is undercut and is shot down with permissible explosives. The 
whole mine is shot at once; 200 to 300 shots are fired each day with about 
2 per cent, of failures. The missed shots are fired the same night if 
possible. The shots are connected in multiple. The fan is stopped 
6 or 10 min, before the shots are fired and started up immediately after. 
The men are checked in and out of the mine. 

At a fourth mine in Utah, the power for firing the shots is taken from 
the switchboard at 500 volts, direct current. A pair of power cables is 
used for the main shot-firing circuit. Nos. 6, 10, and 14 B. & S. R.C. wire is 
used for the branch circuits. Porcelain insulators are used throughout 
the mine. 

There are two switches at each point where the shot-firing circuit taps 
the power cables. There is also a shot-firing switch outside the mine. 
The shots are connected in multiple. 

The coal is undercut and is shot down with permissible explosives, 
the whole mine being shot at once. The booster fan is stopped and the 
main fan is slowed down before the shots are fired. Missed shots are 
left until the next day. The men are checked in and out of the mine. 

At a mine in New Mexico, the trolley wires are used for one side of the 
main shot-firing circuits, 250-volt direct current being used for firing the 
shots. The return is connected to the pipe lines and track. Nos. 8 
and 14 B. & S. wire is used for branch circuits. Porcelain insulators 
are used in the mine. 

The switches are situated as follows: One in the substation, one at 
the entrance to the mine, the shot-firing switch, one at the side track, 
one at each cross entry, and two at the end of the trolley wire. 

The coal is undercut and is shot down with permissible explosives, 
the whole m i ne being shot at once. The shots are connected in multiple. 
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The missed shots are left until the next day. The fan is left running 
when the shots are fired. The miners are checked in and out of the mine. 

At a mine in Alabama the shot-firing circuits are independent of the 
other wires; 500-volt direct current is used to fire the shots. Nos. 4, 6, 
10, and 14 B. & S. E,.C. wire is used. Porcelain insulators are used inside 
the mine, and glass outside. 

The main circuit is divided into sections by means of four double- 
pole switches. The first of these switches inby is provided with a pair 
of flexible leads 8 ft. long, as a protection against lightning. 

The coal is undercut and is shot down with permissible explosives. 
The detonators are connected in multiple. The whole mine is shot at 
once. The fan is kept running when the shots are fired. The men are 
checked in and out of the mine. 

At a mine in Kansas, a system, designed by the Scheitzel Shot Firing 
Machine Co., is used. This system employs a so-called “sparker,” 
which automatically connects to the shot-firing circuit different sections 
of the mine, one after another. In some parts of the mine the shot- 
firing circuit is run under the ball of the rail. 

The mine is shot in sections, 175-volt direct current being used to fire 
the shots. The coal is shot from the solid with black powder. The 
ignitors are connected in multiple. The main circuit is No. 10 B. & S. 
R.C. The cross-entry circuits are No. 12 R.C. duplex copper; No. 10 
iron triple-braid weatherproof is used in the rooms. There are no light- 
ning arresters on the firmg circuits. The men are checked in and out 
of the mine. 

At a mine in Oklahoma, the power used for firing the shots is 500-volt 
direct current. The main circuit is No. 6 B. & S. W.P. and all others are 
No. 12 B. & S. W.P. Wooden clamps are used instead of insulators. 
Lightning arresters are installed on the main circuit. 

The switches are situated as follows: One in the shot-firer’s cabin, 
one at the entrance to the mine, and one at each cross entry. The shot- 
firing switch is closed twice when the shots are fired. 

The coal is shot from the solid with black powder. ^ shots are con- 
nected in multiple. The missed shots are withdrawn. The fan is shut 
down 20 min. before the shots are fired. The men are not checked in 
and out of the mine. 

George S. Rice, Pittsburgh, Pa. — One point that I think is particu- 
larly commendable is the use of switches in the firing circuits, at the mouth 
of each room. It strikes me as a most excellent plan, because it permits 
the inspection of the switches by the foreman who might be traveling 
along the entry; that was one purpose for its inclusion in the suggested 
specifications. Another object was also sought, viz.: Where the miner 
connects up the shots, if he coimected them up while the mine trolley 
and the other power lines were in use, then in case there was any 
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accidental grounding he might have the shot discharged while still 
in the room, and possibly receive the direct efifect from the blast. 
I understand this has happened a number of times, but it would 
not be proper to state where; but by employment of an electric switch 
on the post at the mouth of the room, or working place, if this is 
kept open until the miner leaves his room, premature firing is pre- 
vented. Further, the position is such that it is plainly observable to 
any foreman passing along the entry. There is, of course, no necessity 
of such switches if the mine has no power lines entering it, and provided 
there are cutouts between the surface and the interior to prevent light- 
ning from entering on the shot-firing wires. The plan of using room 
switches is also based on the idea that in most mines employing surface 
shot-firing the miner connects up the detonators with the shot-firing leads. 
I understand from Mr. O^Brien, General Manager of the Stag Canon 
Fuel Co., Dawson, N. M., that the room switches have been taken from 
these mines; and I think it would be interesting if he would explain why 
this has been done. 

T. H. O’Brien, Dawson, N, M, — Previous to this year the miners 
loaded their holes and connected the room shooting wires. Some years 
ago it was reported that on a couple of occasions the shots went off as 
the connection was being made. That the miners might be better pro- 
tected, as Mr. Rice has stated, in case of grounding or accidental dis- 
charge of the shots while connecting the same, individual switches were 
installed at the neck of each room. These were closed by the miner on 
his way out. When he reached his room the following morning, his first 
duty was to throw out the switch. The foremen, fire bosses, and others 
made it a practice to see that this was done. 

As a further precaution against accidents, the practice of the miners 
loading their holes was discontinued, and that duty is now performed by 
special shot loaders, who do not enter the mine until after the shift has 
been finished and all the men have been checked out. 

As soon as the men are out, the power is shut off and the main switch 
at the mine entrance locked open. At no time is the current turned on 
while the shot loaders are underground. 

The shot loaders take with them sufficient electric detonators for their 
respective districts. Under no circumstances are they to give or issue a 
detonator to any one. No pit boss or superintendent has authority to 
violate this rule. 

After the shots have been loaded and connected in the rooms, the shot 
loader closes the entry switches on his way out. After all the loaders are 
out of the mine, the main switch is unlocked and closed. The shot 
loaders then go to the shooting cabin, which is always kept locked, and 
turn the current on the shootmg line. 

As soon as the shots have been fired the switches are thrown out and 
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the shot loaders re-enter the mine for the purpose of inspection. When 
they reach the entries, the entry switches are thrown out and locked open. 
They then proceed to the rooms. If a shot has missed the wires are 
disconnected and a note made of the missed shot. When the inspector 
returns to the surface the mis-shots are reported in a book kept for 
that purpose. The following morning, when the fire bosses are making 
their rounds, they also note any mis-shots and observe whether or 
not the wires have been disconnected. They also report in their book 
what they have found in this respect. In this way we have a double 
check on the mis-shots. 

In the case of mis-shots the men are not allowed to go to work in that 
room on the following day. The reason for keeping them out is because 
of the possibility of their trying, by some means or other, to fire their 
shots, not only contrary to the rules, but in violation of the laws of New 
Mexico. 

When any shots have missed, the electrician goes in on the following 
day and, with suitable instruments, ascertains where the trouble is. 
This is usually found to be a broken wire, possibly concealed by the 
insulation. 

During the past two years I do not believe we have had more than two 
detonators which were defective. The shot loaders on the following 
night reconnect the holes. 

It can be readily seen that under the system now in effect the acci- 
dental discharge of a shot while the diggers are in their rooms is next to 
impossible and that the room switches are not a necessity. 

C. M. Means, Pittsburgh, Pa. — It is apparent that an electrical sys- 
tem of shot firing from the surface is intended to take care of a condition 
that cannot be handled in any other practical manner. Such conditions 
are not met with in the Eastern States and the demand for such systems 
has been confined to the West and South. 

The hazard to human life is lessened in such mines as employ the 
system, but the danger to property is not lessened and may be increased, 
because improper shots may be fired in this manner that a shot fixer would 
not risk if &ed from the inside of the mine. 

A system as described usually represents considerable outlay for the 
first cost as well as maintenance. It must be properly installed and main- 
tained or it may become a source of danger rather than a safeguard. 

The voltage employed may be 250, but owing to the fact that no men 
are in the mine when power is on the line, there is no danger of accidental 
contact. The limiting feature is one of insulation and no difficulty should 
be experienced up to 650 volts. The higher voltage wiU admit of smaller 
conductors and should decrease the failures, as current of this higher volt- 
age is more likely to go across dirty or loose connections. 

Inasmuch as connections at the face wiQ be made by the miners or shot 
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fixers, it is naturally inferred that many defective or poor connections will 
be made. The idea of using some sort of a mechanical connector has been 
considered but does not seem to be a practical solution. 

The obj eetion to a shot-firing system of this kind is the increased cost of 
coal, which may be anywhere between 5 mills and 3c. per ton. In many 
districts this increased cost represents a large percentage of the margin 
of profit. The possibility of failures is an item that is not figured, and 
may still further increase the cost. 

The advantage gained is the increased safety to employees. 

It is necessary to make a nearly complete analysis of a mine to deter- 
mine definitely whether or not the introduction of a shot-firing system is 
the best method of reducing an existing hazard. 

Mr. Rice (communication to the Secretary*). — The last remark by 
Mr. Means touches a most important matter. It was not the thought 
of the authors of the original paper that the system of electrical shot firing 
under discussion was the ideal system in all cases; in fact, they frankly 
acknowledge it is in the nature of a last resort. The idea of firing from the 
outside of the mine implies there is danger in allowing any one to be in the 
mine. 

In mines which are subject to instantaneous outbursts of gas, either 
inflammable, or carbon dioxide as in central France, there is no choice, in 
the interest of safety, to firing the shots from the surface. It will also be 
universally conceded that it is the safest plan in shaft sinking, or in ap- 
proaching an underground body of water. Happily, great instantaneous 
outbursts of gas are practically unknown in this country, so the reason for 
any extended application of the system arises from danger of coal-dust 
explosion through blasting coal off the solid with black powder or dyna- 
mite, frequently with excessive charges. When the coal can be and is 
undercut or otherwise freed on the bottom, top, or middle, and permissible 
explosives within the charge limit are used, there is practically no danger 
from shots originating explosions and therefore no occasion for firing 
from the surface so that there need not be any one in the mine. Why the 
former practice is adhered to is too long a story to take up here, but the 
fact remains that in a majority of the coal mines in the central West and 
Southwest, shooting off the solid with excessive charges of long-flame 
explosives is employed) with a heavy loss of life among the professional 
shot fixers who do the shooting when all the other employees are out of the 
mine. The record of one Southwestern State shows that the average 
length of service of a shot firer until he is killed by an explosion originating 
from a shot that he, or one of his companion shot fixers, has ignited is but 
23 ^ years. 

There is one feature mentioned in Mr. Breth’s description of the meth- 


* Received Mar. 7, 1915. 
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ods used in the mines he visited when shot firing from the surface is 
employed, that attracts attention, though not strictly related to the sub- 
ject in hand: namely, the closing down or in some cases slowing down of 
the fan during shot firing. When a mine is small, it is possibly a good 
precaution to cut out the fan momentarily to lessen the strain of concus- 
sion on the fan, but there does not seem to be any need in large mines such 
as Mr. Breth examined. On the other hand, if a mine makes any fire- 
damp there is serious danger from the practice. The frequency of explo- 
sions in the Southwestern districts, out of all proportion to the output of 
coal of those districts, would seem to fully refute the claim of lessened 
danger of explosions by shutting off the ventilating current at shot- 
firing time. 

George S. Rice and H. H. Clark (communication to the Secre- 
tary.*) — In the original paper, which presented some tentative ideas 
regarding certain details of shot firing by electric circuit, the practice of 
connecting shots in series in any one working place was advocated, pri- 
marily on the ground that if one shot depended on the successful blast of 
the adjacent shot to lighten the burden of the former, or what is known as 
a ^'dependent shot,'^ it was important that either all should go or none. 
Otherwise if a dependent shot was discharged and the relieving shot was 
npt, the burden of the former would be too great and this would probably 
result in a blown-out shot, with possibility of starting a dust explosion, 
which would damage the mine. This recommendation was also based 
upon the fact that if detonators are identical in construction and electri- 
cal resistance they can be shot through a considerably greater line re- 
sistance when they are connected in series than when they are connected 
in parallel. 

However, experiments made since the paper was written have shown 
such a tendency on the part of detonators to shoot at different time inter- 
vals that the practice of coimecting shots in series would probably result 
in missed shots if the voltage were scarcely enough to cause detonation; 
or if, as is probable, the application of voltage to the detonators is gradual 
and not instantaneous, as might be supposed. 

At the instant that the firing switch is closed the voltage at those points 
in the mine that are most distant from the source of power is less, and 
possibly considerably less, than the voltage that' is supplied to the entry 
nearest to the source of power. The voltage equalizes throughout the 
mine as the shots are discharged in room after room and entry after 
entry, but rapid as this process is relatively, it may be sufl&ciently grad- 
ual to cause the more sensitive detonators to fire and the less sen- 
sitive detonators to miss if the shots are connected in series. Hence 
it is believed that to accomplish the purpose sought of minimizing 
the risk of explosions, the arrangement in parallel is best. 


* Received Mar, 10, 1915. 
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A New Safety Detonating Fuse 

BT HAKEISON SOUDES, COENWABL, PA. 

(Pittsburgh Meeting, October, 1914) 

The object of this paper is to bring to the notice of engineers a 
safety detonating fuse by the use of which misfires in blasting may be 
eliminated and safety in blasting operations promoted. 

This new detonator is a French invention and is known as Cordeau 
detonant or detonating fuse and is sold under the name of Cordeau- 
Bickford. It consists of a lead tube 5 to 6 mm. in diameter, filled with 
trinitrotoluene. 

While applicable to all classes of mining it will appeal especially to 
those who have to do with deep-hole blasting in open-cut mines or 
quarries, or any operations where a large number of holes are to be shot 
at one time. 

Since the introduction of the deep-hole blasting in the Cornwall iron 
mines, much trouble has been experienced from misfires and many experi- 
ments were made to determine the best and safest method of blasting. 

Before the introduction of the detonating fuse it was found that to 
insure the best results, two or more high-power electric exploders, not 
less than No. 6, with specially insulated conductors, should be placed in 
each hole; the holes wired in parallel, and for a large number of holes 
the current to be supplied by a live wire to the bus or lead wires at 
about the middle of the bench. The voltage in general use is 110 to 220, 
but as our material is a magnetic iron ore and the holes are generally damp, 
we found it advisable to reduce this to about 30 volts to prevent short 
circuits. A No. 7 or No. 8 special insulated detonator was adopted. 
But with the best of care and attention to the minutest detail, we were 
not able to eliminate occasional misfires and the consequent ever present 
danger of accidents. 

In January, 1914, our attention was called to “Cordeau-Bickford” 
and we were invited to witness a trial blast with thi s material at the 
quarries of the Atlas Portland Cement Co. at Northampton, Pa. This 
was the first use of this detonating fuse in this country and as it marked 
a great advance in safety and economy in quarrying operations a brief 
description of this blast will be of interest. 

The rock blasted was a cement limestone shale bench 94 ft. high 
(perpendicular) with the bottom well cleaned up. There were eleven 
5-in. diameter holes, 26 ft. back from the face of the bench and spaced 13 
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ft. apart, 100 ft. deep and extending 6 ft. below the bottom of the bench. 
The holes were cleared of water just before loading. The charge was 
made up of 50 per cent, gelatin and 40 per cent, low-freezing dynamite, 
with the detonating fuse, 6 mm. in diameter, running to the bottom of 
each hole. 

All the holes were connected with a line of detonating fuse to the end 
of which a single No. 6 detonating cap was attached. This was fired 
by a 220-volt current from a live wire. Instantly there was a sharp crack 
as the fuse exploded, followed by a rumble of the crumbling bank. The 
rock was thrown well out, leaving a clean wall or face. 

The results of the blast were so satisfactory that we immediately 
ordered 1,000 m. of the detonating fuse for trial in blasting down our ore 
benches. This was the first application of this fuse to ore mining. 

A trial convinced us of the wonderful adaptibility of the detonating 
fuse to the purpose, and the simplicity and safety in handling brought a 
sense of relief and satisfaction. We, therefore, immediately adopted it 
for use in all our deep-hole blasting and stopped the use of the ordinary 
electric fuse except in shallow holes. We have been using the detonating 
fuse for five months and in this time we have made a dozen big blasts. 

The details of a shot made on Apr. 2, 1914, when 72 holes averaging 
30 ft. deep were blasted at one time by means of the detonating fuse 
are given in Fig. 1. This is a copy of our standard blasting sheet and 
gives all information in compact form for future reference. Two No. 
7 exploders were used and fired by current from live wire. 

On May 20, we blasted 26 holes varying from 80 to 86 ft. deep and 
using in all 7,800 lb. of 40 per cent, nitroglycerin dynamite with the de- 
tonating fuse, using two No. 7 exploders discharged by means of a battery. 
About 38,000 tons of ore were broken down. 

Some views of the ore bench before, during, and after the blast are 
given in Figs. 2, 3, and 4. 

The danger arising from the old method of blasting with electric 
exploders is exemplified by the only too extensive list of accidents due 
to premature explosions, misfires, etc. Such an accident as occurred 
during the construction of the Panama Canal in December, 1908, when 
22 tons of dynamite exploded prematurely, killing 23 persons and injuring 
40 others, would have been practically impossible if this fuse had been 
used.^ 

In addition to greatly increasing the safety of blasting, the detonating 
fuse has the additional merit of increasing the efficiency of the explosive 
charge. 

To summarize, we may state that this fuse has three very important 
qualities, viz.: 1. It is safe. 2. It is instantaneous. 3. It increases 
the efficiency of an explosive charge. 

^ See The Panama Gai&way, p. 337. 
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XA. — Descriptive Detail of Blast as Filed on Blasting Sheet of Cornwall Orb Bank Co. (See opposite page.) 
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1. Safety . — There is no danger in the handling or storage of the fuse. 
It cannot be exploded by friction, fire, or ordinary shock. It requires 
the use of a strong blasting cap properly attached to explode it. In 
blasting charged holes, the cap or exploder can be applied outside the 
hole, thus avoiding the danger of burned powder caused by side spit from 
ordinary fuse; also any risk of accident while tamping and the risk 
from a portion of an unexploded charge accompanied by a cap remaining 
in the debris from a blast is entirely obviated. 

2. Speed . — The average rate of speed of this fuse is estimated to 
be close to 17,000 ft. per second, so that when it is used the explosive 



Fig. 2. — ^Loading the Holes foe the Blast. 

charge is detonated instantly throughout its entire length, instead of 
at one point as is the case with the blasting cap or electric exploder. 

3. Efficiency . — It is known that the speed of an explosive decreases 
as the explosive wave travels away from the detonator. That the 
powder in a hole has the strongest explosive effect around the exploder 
is evident from an examination of the face of the bank after a shot. 
This can be demonstrated also by placing sticks of dynamite on the 
ground end for end, about 6 in. apart, with the cap in the first stick. 
The explosive force gradually lessens until it finally ceases to progress, 
leaving the farthest sticks unexploded. 
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By using this fuse the charge is detonated instantaneously throughout 
its entire length. This results in a saving of about 10 per cent, of 
explosives as determined by results obtained at Cornwall and elsewhere. 
It is not affected by heat, cold, or moisture, and lasts indefinitely without 
deterioration. 

It is wound in continuous lengths on spools containing 100, 200, or 
300 ft. each, and weighs about 7 lb. per 100 ft. It is accepted by trans- 
portation companies without restrictions except that it shall not be packed 
with other high explosives. 


Fig. 3. — During the Blast. 

The method of applying the fuse is shown clearly by the accom- 
panying sketches and instructions. 

Fig. 5- shows, how the holes are connected by the detonating fuse. 
The method of making connections between main and branch lines is 
shown in Fig. 6, and that of attaching the detonator to the fuse in Fig. 7. 
Either ordinary fuse and cap, or an electric exploder, can be used to set 
off the detonating fuse. 

How to Attach a Detonator to the Detonating Fuse.— First, he sure 
the end of the detonating fuse is freshly and squarely cut off. If ordinary 
fuse is used, attach a cap by crimping it to the fuse in the usual manner. 
Next attach a union to the detonating fuse by crimping the end opposite 
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the slit. Insert the cap in the slit end of the union till it comes firmly 
against the detonating fuse and then slip the ring over it to hold it firmly 
in place. Be sure the detonating fuse is cut off squarely and that the 
cap is firmly seated against it. A space of i in. between cap and fuse 
may be sufficient to cause a misfire. 

Branch line A is joined to trunk line B by twisting the split ends, 
one to the right, the other to the left of the intersection. These joints 
may be protected from danger of loosening or brealdng by winding with 



Fig* 4. — After the Blast. 


electric tape. This also protects them from moisture. This precaution 
is not necessary except where many connections have to be made or wet 
work is encountered. 

This operation is not difficult, but it is very important, and should 
be done carefully and in accordance with three simple rules. 

1. Remember that it is the branch iu.se that is to be slit and twisted 
about the waw and never the opposite. 

2. Be sure to make a firm joint. 

3. At the point of intersection, be sure to lead the branch fuse away 
from the main at a right angle, at least for an inch or two. Beyond that 
curves and angles do no harm. 

If the direction of the explosive wave is carefully borne in mind, 
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there can be as many branches and sub-branches as are desired. To slit 
the end of the branch line an instrument called a "Cordeau slitter” is 
provided. It can, however, be done easily with a sharp knife. After 
slitting it for a distance of 3 or 4 in., separate the legs and, after placing 
the main snugly in the crotch, wind the legs about it, one to the right and 
the other to the left. If some of the trinitrotoluene is lost from the split 
ends, no harm is done provided the main is pushed firmly against the 
exposed material in the crotch. If many connections have to be made, 
it is possible that the handling and moving of the fuse may displace some 
of the connections first made before all can be completed. To guard 
against such an occurrence it is better to wind each joint with electric 
tape. This will hold them firmly in place. Before a shot is fiired, the line 
should be thoroughly inspected. See that the branches leave the main 
at right angles. Be sure that they are all made firm. 

On very large and important work where more than one main is em- 



ployed, these mains may be joined together as a measure of precaution. 
This is done in the manner shown in Fig. 8 by cutting the mams and 
putting caps on the ends and then uniting them again by means of a 
brass sleeve, the ends of which are firmly crimped to the detonating fuse. 
Around these brass sleeves the ends of the connecting line are wound in 
exactly the same manner as when attaching a' branch to a main line. 

Interesting details in regard to the use of this detonating fuse in 
France and Belgium may be obtained from the following articles, of which, 
for convenience, the writer has made a brief digest, viz. : 

Commission du Grisou: Note sur l’am61ioration de la s4curit4 dans 
les mines grisouteuses par emploi d’un nouveau dispositif d’amor 9 age 
des explosifs. Annales des Mines, 10th ser., vol. xii, p. 169 (1907). 
An investigation to determine whether the use of detonating fuse would 
increase safety in gaseous mines. Describes numerous tests and experi- 
ments and concludes with the following statement of the advantages of 
the detonating fuse: 
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1. No misfires, partial explosions, or burning of powder. 

2. Allows reduction of powder charge. Estimated at 20 per cent. 

3. Permits the use of explosives of very low sensitiveness. 

Nouvelle Application du Cordeau D6tonant aux travaux publics, by 

L. Barth^lemy. Bulletin de la SoeitU des Inginieurs civile de France^ 



Fig. 6. — Method of Connecting Main Lcnb and Bsanchbs. 

November, 1910, p. 492. Describes the successful application of detonat- 
ing fuse in the destruction of a 318.6-m. masonry tunnel on the Ypres 
canal in Belgium. 

Shot 2,125 holes simultaneously. The charge was 3,250 kg. of meli- 
nite. The delicate part of the operation was to find a way to explode 
all of the holes at once. The first use of detonating fuse on a large scale. 
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Note sur le Cordeau d^tonant, by M. Fougerolles, Chief Engineer. 
Comptes rendus mensuel de la Societe de V Industrie minerale, February, 
1908, p. 58. Description of tests made by Cia. des mines de Lens with 
permissible explosives and detonating fuse. 

Conclusions: Compressed powders practical with easily observed 
precautions. 

1. Be sure the hole is of large enough diameter to permit the charge 
to be forced tightly to the bottom. 


Slidinj? sleeve or ring’ 
on union. This holds the 
cap in place' 



Main Cordeau 
^IJuion crimped to Cordeau 
at this point 


Fig. 7. — Method of Attaching Dtjtonatob to Cordeau. 


2. Make a fresh clean cut at end of the detonating fuse, and place it 
in contact with the exploder so that it cannot slip away while loading the 
hole. 

No unexploded powder was found and it is claimed 20 per cent, of the 
explosives by weight and 10 per cent, of expenses were saved. Detonating 
fuse is well liked by the miners. 

L'Explosion du Rocher de Formery. U Illustration, May 31, 1913. 
Illustrated description of the removal of a large mass of rock, overhang- 



Fig. 8, — Connecting Cordeau is Split and Wound Around the Brass Sleeve 
IN THE Same Manner as When Making Ordinary Joints. 


ing the village of Formery in France, by blasting at one time 237 hole 
loaded with 92 per cent, nitroglycerin dynamite and connected with th 
detonating fuse. The whole was exploded with one detonating cap. 

Discussion 

Clarence Hall, Pittsburgh, Pa. (communication to the Secre 
tary*).— The introduction of Cordeau detonant to replace electric detona 
tors used in blasting operations in this country has not met with the sam 


* Received Nov. 19, 1914. 
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success as it has in Europe. This has been due to the fact that the explo- 
sives manufactured and sold here are far more sensitive to detonation than 
the explosives used abroad. In Europe, and particularly in France, the 
explosives used in blasting operations are of the ammonia nitrate class and 
can only be detonated by the use of Cordeau detonant or a powerful 
detonator. Practically all explosives used in mining operations in this 
country are of the nitroglycerin class and when they are in good condi- 
tion, and properly used, incbmplete detonation rarely occurs. 

In quarry operations, where the large drill hole method is employed 
and the charge of the explosive sometimes extends a distance of 30 ft., 
it has been found that one electric detonator will not always produce com- 
plete detonation of the entire charge in the driU hole; but when three or 
more electric detonators are employed throughout the charge, misfires 
or incomplete detonation rarely occurs. Cordeau detonant would no 
doubt be applicable in work of this kind, but in other blasting operations, 
where small charges of explosives are used and when sufficient stemming is 
employed to confine the charge, it is not believed that it could be advan- 
tageously or economically used. The cost of this detonating fuse is about 
10c. to 15c, per yard, and it is necessary to use an amount that will extend 
from the bottom of the drill hole up to and beyond the mouth. It is true 
that this additional cost is a small part of the total cost of blasting in 
quarry operations, and the fact that this fuse will always insure complete 
detonation warrants its use in work of this kind. 

The rate of detonation of Cordeau detonant is about 4,900 in. per 
second, but it cannot be assumed that greater energy will be developed 
when used with dynamites having high rates of detonation. However, 
when detonating fuse is used with dynamites of low rates of detonation, a 
greater shattering effect may be produced on the surrounding rock. 
When dynamites are used having rates of detonation higher than this 
fuse, then the only advantage in its use wiU be to insure complete detona- 
tion. In regard to increased efficiency resulting from the use of Cordeau 
detonant, this may obtain when an explosive of low rate of detonation is 
used or when explosives are used which have aged and are not in good con- 
dition.. The statement that 20 per cent, reduction in powder charge could 
be made when the detonating fuse is used is questionable. The tests 
that the writer has made with Cordeau detonant do not show that greater 
efficiency obtains when used with small charges of explosives, ^uch as the 
permissible explosives used in coal mining, or with other explosives in 
operations where shallow holes are employed. 

S, P. Howell,* Pittsburgh, Pa, (communication to the Secretary f). — 
In discussing Mr. Souder^s excellent paper on Cordeau-Bickford, a new 

* Explosives Engineer, U. S. Bureau of Mines. 

t Received Dee. 5, 1914. Published by permission of the Director of the XT. S. 
Bureau of Mines. 
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safet 5 ’' detonating fuse, I shall have much favorable comment to make, for 
I believe that because of the safety features of this kind of fuse there is a 
field for its use in quarrying and in open-pit mining operations. 

Among the advantages resulting from the use of this fuse, I desire 
to discuss particularly the following: 

1. The elimination of the detonator or the electric detonator from the 
charged hole. 

2. The reduction of "blind” misfires. 

3. The increase in the disruptive effect of low-grade high explosives 

4. The possibility of using relatively insensitive explosives. 

The advantages mentioned are discussed in order below: 

1. Of the three materials, trinitrotoluene (the explosive in the detonat- 
ing fuse), 40 per cent, "straight” nitroglycerin dynamite, and mercury 
fulminate composition (commonly used in detonators and electric detona- 
tors), the least sensitive to impact and friction is trinitrotoluene; while 
the most sensitive is mercury fulminate composition. Bureau of Mines 
tests with the pendulum friction machine® show that a sample of trinitro- 
toluene is not exploded with a carborundum shoe operating over a steel 
anvil. The sensitiveness of the mercury fulminate composition is well 
illustrated by the many instances of accidents caused by pricking with a 
pin or needle the composition in a detonator. Consequently, the sub- 
stitution of the detonating fuse for the detonator or electric detonator in 
drill holes is clearly a move toward safety, as the latter devices, because 
of their sensitiveness, have been held responsible for the many drill-hole 
accidents which would not have occurred had the holes contained nothing 
more sensitive than the ordinary high explosive. 

2. In open-pit mining or excavating, and in quarrying, though misfires 
seldom occur, the possibility of their happening is always imminent. The 
"blind” naisfire — one that is not known to have occurred — is clearly the 
kind most likely to cause an accident, the workmen bek^ ignorant of the 
presence of the unexploded explosive, and, perhaps, of the detonator or 
electric detonator. The presence of an effective detonating agent — ^the 
detonating fuse — ^throughout the entire length of a charge in a drill hole 
must reduce, or perhaps eliminate, these “blind” misfires. 

3. The disruptive effect® of high explosives depends in a measure upon 
the rate of detonation of the explosive. Tests at the Bureau of Mines 
show that the rate of detonation of a low-grade high explosive is in- 
creased to the rate of detonation of the detonating fuse extending 
through it. The following table of rates of detonation of certain samples 

* See Hall, Clarence, and Howell, Spencer P. : Tests of Permissible Explosives 
BiMetin No 66, U. 8. Bureau oj- Mines, Plate I, and pp. 16 and 16 (19131. 

> See HaU, Clarence, and Howell, Spencer P. : The Selection of Explosives Used in 
Engineering and Mining Operations. Bulletin No. 48, V, S, Bureau of Mines, pp. 4J 
to 44 (1913). 
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of high explosives and of detonating fuse shows which particular high ex- 
plosives may have their disruptive effect increased by the use of the 
detonating fuse. 


ItaUis of Detonation of Trinitrotoluene Detonating Fuse and of Certain 
Samples of High Explosives 


Class and Grade of Explosive 

Diameter of Ex- 
plosive Tested 

Rate of 
Detona- 
tion 

Authority 


Inches 

Milli- 

meters 

Feet per 
Second 


Trinitrotoluene detonating fuse 

Trinitrotoluene detonating fuse 

T"' mating fuse 

i* 1 - nitroglycerin dynamite . . 

50 per cent, “straight” nitroglycerin dynamite . 

60 per cent strength low-freezing dynamite . . . 

40 per cent stren^h gelatin dynamite 

40 per cent, “straight” nitroglycerin dynamite . . 
30 per cent, “straight” nitroglycerin dynamite . 

40 per cent strength ammonia dynamite 

6 per cent, graniuated nitroglycerin powder , ... 

19^4 

‘VA 

lA 

lA 

lA 

lA 

lA 

lA 

lA 

4 

6 

32' 

32 

32 

32 

32 

32 

32 

38 

13,750 

15,170 

17,000 

20,490 

18,850 

16,640 

16,210 

15,650 

14,920 

1 10,350 
3,340 

Bureau of Mines. 
Bureau of Mines 
Manufacturer 
Bureau of Mines. 
Bureau of Mines. 
Bureau of Mines. 
Bureau of Mines. 
Bureau of Mines. 
Bureau of Mmes. 
Bureau of Mines. 
Bureau of Mmes. 


The data for Bureau of Mines rates of detonation for the explosives are taken 
from Bulletin No. 48, Bureau of Mines, p. 44. 


4. As the percentage of nitroglycerin in low-grade dsmamites is 
decreased, their sensitiveness to detonation is decreased, and hence when 
the nitroglycerin content has been reduced to a certain point their use 
becomes commercially impracticable. However, it would appear that 
such explosives, though having a low nitroglycerin content, could be used 
if the trinitrotoluene detonating fuse were used to detonate them. This 
would be likewise true of very insensitive explosives which contained no 
nitroglycerin. 

Now, because this detonating fuse, as used in mining operations, is new 
in the United States, it seems highly desirable to emphasize such of the 
characteristics of the fuse as are most likely to cause failure when the fuse 
is improperly used, for this material, in common with other new materials 
used in mining operations, is likely to be misused. 

Mr. Souder has emphasized (see p. 744) the importance of not 
joining the main fuse to the branch fuse; of joining the branch to the 
main at right angles; and of using the crotch method of attaching the 
branch to the main. Investigation has shown that the detonation of a 
branch will not detonate a main with certainty, and this confirms results 
obtained in Bureau of Mines tests^ in which attempts were made to deto- 
nate the fuse through its lead covering with No. 6 and No. 8 electric 
detonators, but without success. 

^See Hall, Clarence, and Howell, Spencer P.; Investigations of Detonators 
and Electric Detonators. BvUetin No. 69, U. 8. Bureau of Mines, pp. 22 to 24, 
(1913). 
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The Bureau of Mines has tried various methods of attaching the 
branch to the main and has not been able to improve on the crotch 
method, while the simple method of attaching the branch alongside 
and parallel with the main resulted in failure. 

By reason of the lead covering that incloses the trinitrotoluene of the 
fuse the material is rather heavy. For instance, a sample of 6-mm. fuse 
weighed 45 g. per foot, or approximately 10 lb. per 100 ft., and a sample 
of 4.3-mm. fuse weighed 27 g. per foot, or approximately 6 lb. per 100 ft. 
A sample of the same 6-mm. fuse 12 in. in length did not support a weight 
of 34 lb., and a sample of the same 4.3-mm. fuse 12 in. in length did not 
support a weight of 21 lb. It, therefore, appears that when the fuse is 
lowered into the deeper holes (50 ft. or more) care must be exercised to 
prevent jerking it, lest its own weight cause it to separate. 

For use in these deeper holes the manufacturers have produced a 
covered fuse. The cover consists of closely wound cotton thread and 
adds greatly to the tensile strength of the fuse, so that lengths much 
longer than are feasible with the imcovered fuse can be used without 
danger of breaking. Except for the covering, the two types are identical. 

Care should be exercised in tamping a hole containing the fuse and in 
choosing the stemming, for roughness in tampiag may break the fuse, 
especially if the stemming be of hard and angular material. 

Haeeison Soitdee (communication to the Secretary*). — The 
Institute is fortunate in persuading Messrs. Hall and Howell to ^scuss the 
use of detonating fuse, since their work with the U. S. Bureau of Mines 
gives an authoritative character to their opinion in regard to explosives. 

Notwithstanding Mr. Hall’s statement to the contrary, as a matter of 
fact in average daily American practice, misfires and incomplete detona- 
tions are quite common in both large and small drill-hole blasting and are 
the cause of many accidents. 

A misfire, especially in the case of large well drill holes, is a very 
expensive proposition and adds a large element of danger to quarry 
work, where the steam shovel is used in loading the broken rock. 

We know from our investigations that our own blasting troubles at 
Cornwall were typical of blasting troubles in many large and well-man- 
aged limestone and cement-rock quarries, with this exception: that our 
troubles were increased by the greater possibilities of the electric current 
being short circuited by the magnetic iron ore. 

It is particularly for the large or well driU-hole blasting operations that 
we recommend Cordeau detonant. For our small driU-hole blasting we 
still prefer the electric detonator. While the use of Cordeau may not 
increase the energy of dynamite of equal or higher explosive rate, yet as 
a matter of fact it does increase the energy and efficiency of the total mass 


* Received Mar. 7, 1915. 
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of dynamite in the hole by bringing about an instantaneous explosion of 
the whole charge, the effect being the same as if we had placed a continu- 
ous line or string of detonating caps from one end of the charge to the 

other. . . , 

The increased efficiency and decreased cost of blastmg is made pos- 
sible in that, with Cordeau detonant, a loWer-strength and less sensitive 
explosive can be used to do the same work as an equal amount of higher 
grade, exploded in the old way; or the amount of high-pade explosive 
necessary under former methods can be reduced by using Cordeau m 
place of electric detonators, amountmg in our Cornwall practice to 
about 10 per cent, saving. The saving of 20 per cent, is claimed by M. 
FongareUes of the Lens Mining Co., operating French coal names, and 
does not obtain here. 

Furthermore, the time required to load a large blast is nearly cut in 
two by using Cordeau, and this is an item of great importance as it reduces 
expense as well as the hazard. 

Mr. Howell in his discussion of the paper brings out the main features 
that should be emphasized, viz.: the first and most important gam from 
the use of Cordeau is safety, and incidentaUy there is at the same time a 
saving in expense. 

It not only eliminates the electric detonator from the charge and places 
it outside the drill hole, where it is under observation and can be removed in 
case of trouble, but it does away with electric lead wires around the mine 
or quarry, where live current is used in blasting. In some recent instances 
special power equipment was installed to provide current for this blasting. 
This expense is eliminated. 

The use of old blasting batteries, which are generally overrated and 
overloaded and are a fruitful cause of misfires, is done away with. , Blind 
misfires are almost impossible in open bench work. Under the old method 
the presence of wires from the detonator might mean that the detonating 
cap had exploded properly or it might mean that the detonator was still 
buried in a stick of dynamite under the rock, waiting to be struck by a 
pick or dipper tooth, whereas the presence of a piece of Cordeau indicates 
at once a misfire. 

The rates of detonation given by Mr. Howell indicate that the rate for 
Cordeau is about equal to that of 30 and 40 per cent, nitroglycerin dyna- 
mite, which is the grade of dynamite in common use in quarries. The 
French experimenters claim a higher rate, as do also the manufacturers. 

As to the methods of using Cordeau, we are free to confess that we 
lave had some troubles in using it. The greatest trouble came from the 
nferior quality of the Cordeau which was imported from abroad. The 
rinitrotoluene compound, or T, N. T. as it has been abbreviated, was not 
table and it was found after a while that it turned from pure white to 
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yellow brown. This condition could be disclosed by a fresh cross cutting 
or by peeling some of the lead casing from the inclosed explosive. 

The manufacture of this material is now carried on in this country, 
since which time trouble from this cause has ceased. Nevertheless, eaci 
lot is inspected before being used. 

Another trouble was due to the breaking of the Cordeau in loading, 
especially in deep holes. The American makers immediately made it 
with a cotton sizing or covering over the lead, greatly reducing liability to 
break. Occasionally, some defective lead covering is discovered. This 
renders the fuse liable to break easily and also permits moisture to enter. 


'Face of Bench, 
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The original Gordeau used was 6 mm. in diameter and an effort tc 
reduce the cost was made by reducing the size to 5 mm. This was found 
unsatisfactory and about 5.5 mm. is now generally recommended. 

Our feeling is that for big shots 6 mm. diameter is best, especially i 
the crotch method of uniting branch and trunk lines is used. 

Some trouble was encountered in making the crotch connection o; 
branch line with main leader. The extreme care necessary for this oper 
ation, especially with the smaller diameter Cordeau, was not always 
exercised. Also it consumed much time. After many experiments on s 

VOL. L. — ^48 
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small scale and actual trial in large blasts, the method given below was 
evolved and has proved on the whole most satisfactory for ordinary 
practice. 

After the holes are loaded, allowing about 10 in. of Cordeau to project 
from each hole (in case of a single row), a brass ferrule is placed on the 
end of each fuse, and a No. 7 blasting cap is inserted in it to bear against 
the end of the fuse. Then a half stick of 1% in. diameter 40 per cent, 
dynamite is slipped over the end of each branch fuse, so as to inclose the 
No. 7 cap. Then the main lead Cordeau is strung along the holes and 
notched into each half stick of 40 per cent, dynamite at the end of each 
branch fuse; and the connection is mud capped or covered over with a 
little mound of clay or sand and patted down. This is carefully done for 
each hole. Then the two ends of the lead fuse are brought together and a 
No. 7 detonating cap attached to each end, and these are inserted in a 
stick of 40 per cent, dynamite. Then a piece of ordinary cotton fuse, say 
2 ft. long, is tipped with a detonator and this inserted in the stick of dyna- 
mite, which is then mud capped. When ready the fuse is lighted in the 
ordinary way and sets off the whole charge. In case two rows of holes are 
shot at one time, as is our ordinary practice, the connections are made so 
as to insure simultaneous explosion of all holes as nearly as possible, since 
we found that the short interval of time between the explosion of the back 
row and the front row, in cases where the back row went first, permitted 
rock strata to move sufficiently to cut off the front row of fuses in some 
cases. Where -many rows are blasted at once many cross connections 
should be made between the main trunk leads. 

Where a limited number of holes have been shot we have modified the 
practice, attaching to the Cordeau from each hole an electric exploder, 
wiring the holes in series, and shooting with a battery in the old-fashioned 
way. The sketches. Fig. 9, show the method we now use. . 

In conclusion, we may state that in our experience and judgment the 
introduction and use of Cordeau detonant marks a great advance over 
former practice, in making for safety and economy in blasting operations, 
especially for well-drill or chum-diiU deep-hole blastmg. 

The use of Cordeau detonant has now become quite customary in the 
large cement-rock quarries of eastern Pennsylvania, and we believe fur- 
ther investigations of this material by the U. S. Bureau of Mines would be 
of ntfich service and value to those operating open-cut mines and quarries. 
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The Safety Movement in the Lake Superior Iron Region 

BT EDWIN HIGGINS, PITTSBUBGH, PA. 

(Pittsburgh Meeting, October, 1914) 


Introduction 

It is the purpose of this paper to set forth the relation and functions of 
the various organizations and institutions engaged in the promotion of 
safety in the iron mines of the Lake Superior region; also to indicate the 
value of this work. Ten to 15 years ago there was practically no organ- 
ized safety work; the accident rate was high, excessively so in some dis- 
tricts, and dangerous practices and conditions existed in many of the 
mines. 

During recent years, however, a gradual change for the better has been 
made. The chief causes of this change have been (a) public opinion, 
which has set the stamp of disapproval on the disregard for human life; 
(b) certain State laws which have made the operators responsible in dol- 
lars and cents for injuries to workmen; and (c) the humanitarian attitude 
of many of the operators, who have always decried the great loss of life 
in the mines. 

To-day the Lake Superior region as a whole stands second to no other 
metal-mining district in the United States in its efforts to promote the 
welfare and safety of the miner. Dangerous practices in and about the 
mines are fast disappearing. The operators are ready and eager to 
adopt any expedient, rule, or device that holds forth a reasonable promise 
of reducing the hazards of the miner. To-day the value of a mine captain 
or shift boss is reckoned, not alone on his ability to “get the ore,” but also 
on his capacity for reducing accidents. While the progress made has 
been remarkable, there still remains much to be done, for the accident 
records of the Lake Superior iron mines, while lower than those of the chief 
metal-mining regions of the United States, still compare unfavorably with 
those of the metal mines of practically all foreign countries. 

Orqajstizations Engaged in Safety Work 

There are five organizations, or institutions, engaged in safety work in 
the Lake Superior region, viz.; The mining companies; county mine 
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inspectors; co-operative range committees; Lake Superior Mining Insti- 
tute; Federal Bureau of Mines. 

While each of these bodies covers well-defined features of the work, 
their activities are correlated to a certain extent. The mining companies, 
primarily, are concerned with conditions in their respective mines, but 
they co-operate with and receive aid from the other agencies mentioned. 
The county mine inspectors, whose duty it is to see that the mines are 
operated with due regard to the State laws, are of great assistance to the 
mining companies in suggesting remedies for dangerous conditions or prac- 
tices. The co-operative range committees, made up as they are of officials 
and employees of all companies operating within a given radius, are a 
benefit to the body of operators of their respective ranges. The com- 
mittee of the Lake Superior Mining Institute on practices for the pre- 
vention of accidents, concerns itself chiefly with questions of safety of 
widespre&d interest; it of course has the co-operation of the other bodies 
interested. The Federal Bureau of Mines is chiefly active in training 
miners in the use and care of rescue apparatus and in first aid to the in- 
jured; also, it has conducted special investigations of certain problems 
having to do with safety and efficiency in the mines. 

The unity of ultimate purpo.se and the strong co-operative spirit 
which have characterized the work of these five bodies have been impor- 
tant factors in the development of the conditions of to-day. 

The Work or the Mining Companies 

The bulk of the cost of the safety work has been and is still borne by 
the mining companies. In the main, their work has been to provide pro- 
tective devices in and about the mines, and to educate the miners, by 
means of rules and regulations and various other methods, so as to enable 
them to protect themselves from injury. These objects seem easy of 
accomplishment, but there are obstacles of various kinds continually 
arising to hinder progress toward the desired end. Some of the most 
serious factors, most of which stiU exist to a greater or less extent, are 
the prejudice of the old-time miner or boss toward safety regulations; 
carelessness and lack of interest in safety work on the part of the miners, 
and even the bosses; and at times the scarcity of labor, which necessitates 
the employment of less skilled and oftentimes ignorant men. 

The greatest problem to-day is not to secure knowledge of how safety 
work should be conducted, and what protective devices to use, but how to 
get the miner to use these methods and devices. Probably not 10 per 
pent, of the miners, if subjected to an examination, would show even a 
passing knowledge of the contents of the books of rules and regulations. 
Safety devices, provided at great expense, are often found removed from, 
iheir places, or disregarded ^tirely , 
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The first problem of the mining companies was to provide for an or- 
ganization to carry on the safety work; then to devise means of protecting 
the miner and of educating him and securing his co-operation in the pre- 
vention of accidents. 

‘ Organization 

Practically every mining company in the district now has some indi- 
vidual, or organization, whose duties relate solely to safety work. The 
larger companies have well organized safety departments. The following 
brief outline of safety organizations will indicate the usual procedure in 
this connection: 

1. The mines covered by this organization are large and are all situ- 
ated on one of the iron ranges of Michigan, The safety department is in 
charge of an inspector and it is his duty to inspect all mines as frequently 
as possible and submit reports and recommendations to the manager. 
Periodical trips are made in and about the mines by a committee of mine 
foremen consisting of three members, each of whom is selected from a 
different mine. The inspector accompanies this committee and incor- 
porates its recommendations in a report. Another committee, having 
similar duties, is made up of workmen. The activities of this committee, 
however, are limited to the mine from which it is selected. The 
members are changed after each inspection, so that in time all em- 
ployees are given a chance to criticize conditions in and about the mine. 

All accident reports and safety recommendations are considered by a 
committee of mine superintendents, the head mining captain, master 
mechanic, assistant auditor, secretary of the pension department, safety 
inspector, and the manager, who acts as an ex-offido member. This 
committee meets once a month and confirms or rejects safety recommen- 
dations. 

In addition to the above committees, there is one more made up of 
three mine superintendents. This committee investigates all fatal acci- 
dents and makes a report thereon to the manager. 

2, The following form of organization is employed by a company 
operating both large and small mines at various scattered points. The 
department is under an inspector, who, with the assistance of three ex- 
perienced miners, inspects each mine of the company at least twice a week. 
After a mine is examined, a report, including any recommendations 
thought necessary, is sent to the safety inspector. The safety inspector 
in turn makes a weekly report to the superintendent, who looks after all 
recommendations having to do with upkeep. The safety inspector 
makes a monthly report in triplicate to the manager in which recommen- 
dations are submitted for approval. Such recommendations are made 
out to the head of the department concerned. When approved by the 
manager, one copy is returned to the safety inspector, to be kept by him 
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until the indicated improvement is made. Two copies go to the super- 
intendent, who keeps one and sends the other to the head of the depart- 
ment concerned. On the completion of the improvement, the head of the 
department sends the recommendation back to the superintendent, who 
then destroys his copy and sends the indorsement of completion to the 
safety inspector. The safety inspector destroys his record and files in its 
place the report showing that the improvement has been made. This 
report is in the form of a printed card with blank spaces filled in according 
to the needs. 

All company bosses and first-aid men meet once every two months to 
discuss all accidents that have occurred during the previous two months. 
The subjects discussed at these meetings are safety, sanitation, first aid, 
and welfare. 

3. A Himilar organization to that described above is maintained by a 
company operating small groups of mines at scattered points. A chief 
inspector is in charge of the safety work at all the mines. The foremen’s 
safety committee, consisting of four foremen from the mines of a certain 
district, works directly under the chief inspector. This committee makes 
a trip every three months through all mines of the district. Its personnel 
is changed after each inspection trip. The committee reports to the 
inspector, who, in turn, includes this report in his recommendations to 
the superintendent; a copy of the report also goes to the general manager. 

4. This organization operates in connection with one large mine. 
Inasmuch as the organization was changed after the safety work was 
well under way, it may be well to point out the various steps in perfecting 
the organization. An engineer was placed in charge of a department of 
efficiency and safety. He first made a thorough study of conditions in 
the mine and determined the principal causes of injury to the men em- 
ployed. Finding that the greatest number of accidents occurred from 
falls of rock and ore, and from men falling down unprotected places in the 
mine, timber inspection was doubled and every place in the mine where 
it was thought that there was a possible chance for a fall to occur was 
timbered. All open places were protected by means of doors or gates. 
This movement effected an immediate and marked falling off in the num- 
ber of accidents from the causes mentioned. 

Finally, three assistants were added to the department and each one 
of them was given a certain feature of the work to look after. This was 
necessary on account of the magnitude of the operation. The safety and 
efficiency work then developed into daily inspection trips by all the mem- 
bers of the department. Reports were made by them to the head of the 
department, who considered recommendations made and obtained im- 
mediate action thetreon through consultation with the manager. Lately 
these daily inspection trips have been abandoned; the members of the 
organization now average two or three trips a week through the mine. 
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Daily meetings, attended by the manager, superintendent, head of 
the efficiency and safety department, and mine captains, are held. Here 
all matters pertaining to efficiency and safety are discussed. As these 
meetings are held in the morning, it is possible to hear the reports of the 
shift bosses to the mine captain. In this way daily happenings and condi- 
tions in the mine receive prompt attention. 

Protective Methods and Devices 

Under the head of protective methods and devices it may be said, in 
general, that the work proceeds along the following lines: 

A study of mining and timbering methods with a view to greater safety. 

A study of safe methods in every department of mine work. 

The protection of dangerous places in the mine. 

Protective coverings for all exposed parts of machinery. 

Installation of safety devices in and about the mine. 

The provision of such tools and appliances as will result in the maxi- 
mum safety to the employees. 

Installation of devices for protection against fire. 

The inspection of all working places, shafts, and machinery at stated 
intervals. 

The method of carrying on the inspection work is indicated in the 
descriptions of the various types of organizations. Nearly all of the 
protective methods and devices are suggested through information 
gained on the inspection trips. 

Welfare and Educational Work 

It has long been recognized that various measures looking to the 
welfare of workmen are most desirable from many standpoints. In the 
study of safety work it has developed that any line of work that will serve 
to secure the co-operation and confidence of employees is of the greatest 
value in promoting safety. Without the co-operation of the workmen 
safety work cannot advance, and in order to gain this co-operation it is 
necessary first to secure the confidence of the men. Indeed, many stu- 
dents of safety believe that the winning of this confidence and co-operation 
constitutes almost the entire safety problem. Lake Superior mining 
companies are spending as much money in welfare and educational work 
as on the actual installation of safety devices, if not more. 

Among the activities of several of the large companies looking to the 
welfare of the miner may be mentioned the following: 

The provision of a pension fxmd for workmen who have grown old in 
the service of the company; erection of club houses where the workmen 
may spend their idle hours; the building of model towns and houses for 
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the use of workmen; the offering of cash prizes for the best-kept premises, 
lawns, and flower gardens; the building of expensive and commodious dry 
or change houses. Practically every iron mine in the Lake Superior 
region is provided with a dry or change house; some of these are models of 
cleanliness and perfection in other details. 

Among the more important educational features designed to secure 
the co-operation of the miner, may be mentioned the following: 

Rules and Regulations.— Rra^cticBlly all of the large companies issue 
to their workmen books of rules and regulations. In some cases these 
books are printed in from eight to ten different languages. In general, 
they cover all departments of mine work. These rule books in the past 
have contained many regulations that were not enforced, but of recent 
years there has been a noticeable tightening in this respect and the tend- 
ency now is to eliminate many of the useless rules and to be more strict 
in the enforcement of those retained. There is still room for improvement, 
however, in the matter of enforcing rules. 

Cash Bonuses. — The matter of cash bonuses to bosses and others for 
the prevention of accidents has not, in the past, been given serious con- 
sideration. During the last year, however, the managements of several 
companies have come to the belief that an equitable system of cash bon- 
uses will be of value in reducing accidents. There is only one company 
that has really put the system into operation. While the method used 
by this company cannot be termed strictly a bonus system, it is in princi- 
ple the same thing. By paying to shift bosses salaries that were larger 
than those paid by other operators, but insisting that these shift bosses 
be safety enthusiasts, this company has conducted its operations with a 
minimum percentage of accidents for the district. One large company is 
preparing to adopt a system of paying large cash prizes to the shift bosses 
turning in the best records as to the number of men killed or injured 
while working imder their supervision. 

Publicity of Accident Records. — method of attracting the attention 
of the workmen to the hazards of their employment, which has been 
adopted to a certain extent, is to post placards at various points in and 
about the mine calling attention to all serious accidents that happen, and 
pointing out how they might have been prevented. In some cases 
sketches and photographs are used as illustrations with these placards. 
At some mines the records of the different shift bosses, as to the number 
of accidents that happen to the men working under them, are posted in 
conspicuous places. 

Pay for Safety Suggestions. — It is the general practice in the district 
to offer cash, rewards for suggestions from workmen that may lead to 
safer working conditions. 

FirsIrAid and Rescue Instruction. — Through the activities of the mining 
companies, in co-operation with the Bureau of Mines, miners have been 
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trained in first-aid and rescue work at practically every mine in the dis- 
trict. This work has not been limited to three or four men at a mine, but 
in many cases has been continued so that in some cases as many as 20 
per cent, of the employees have received first-aid training. Training in 
rescue work, however, has usually been limited to from five to ten men 
at a mine, or group of small mines. 

WoEK OP THE County Mine Inspectoes 

The various counties of the Lake Superior district in which mines 
are situated, are each provided with a mine inspector. In some cases 
this inspector is allowed to employ such assistants as may be necessary 
in his work. The various counties require that every mine shall be 
inspected at stated periods. The principal duty of the county mine 
inspector is to see that the mines are operated in accordance with the laws 
of the State. He is empowered with authority to cause the closing down 
of a mine in case the management refuses to comply with his demands. 
In reality, these inspectors have rendered services in excess of what is de- 
manded of them by law. Through the study of conditions in the mines 
they gain information that is of common value; such information is dis- 
seminated to mine operators in the form of suggestions for the promotion 
of safety. One inspector has gone so far as to make and keep records of 
safety devices and methods. These he has communicated to all the opera- 
tors in his county through the medium of circular letters and blueprints. 
The efforts of these county mine inspectors and their assistants have gone 
far toward promoting safety in the mines of the Lake Superior region. 

WOBK OP THE CO-OPEEATIVB EaNGE COMMITTEES 

There have been organized on the various iron ranges what may be 
termed co-operative range committees. During the year 1913, five such 
organizations were perfected. It is believed, however, that only three 
of them are now holding regular meetings and doing efficient work. 
These committees are made up of mine superintendents, mine captains, 
shift bosses, safety inspectors, men in charge of first-aid and rescue work 
and other mine employees interested in safety work. The committees 
have the backing of the management of the mines, which stand the bulk 
of the expense of carrying on their work. The organizations are made up 
of representatives of practically all companies within a given radius. 
For instance, the Gogebic Range Mining Association includes in its mem- 
bership representatives from all companies operatiig on the Gogebic 
range. The purposes of this organization, as set forth in its by-laws, are 
to promote social intercourse and the interchange of ideas on all subjects 
of mining interest, for the mutual benefit of its members ; and to perpetuate 
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efficiency, welfare, safety, mine-rescue work and first aid to the injured 
in and about the mines. These purposes are accomplished by (o) social 
meetings; (b) remarks, discussions, and the presentation of papers by 
members of the organization at different times; (c) occasional visits to the 
different mines, plants and properties upon invitation of the management 
of same; and (d) occasional competitive meets for crews trained in mine- 
rescue work and first aid to the injured. 

The greatest good done by these committees has been in disseminating, 
for the benefit of all the mining companies, information relating to safety, 
efficiency and other mine work. They have developed in some cases into 
organizations representing the needs and wishes of entire communities. 
Their opportunity for the promotion of the general welfare is unlimited. 


Work op the Lake Superior Mining Institute 

The Lake Superior Mining Institute some years ago established a 
committee on practices for the prevention of accidents. This com- 
mittee holds special and stated meetings at which are considered im- 
portant problems relating to safety and mine operation. Among im- 
portant subjects upon which recommendations have been made may be 
mentioned the uniformity of mine-accident reports. Under present con- 
ditions the mining companies make reports of accidents to several dif- 
ferent organizations, all of which require different classifications of 
accidents. The work thus entailed is enormous. By providing a uni- 
form type'of report this undue work may be eliminated. Furthermore, 
reports of the county mine inspectors, although satisfactory as far as the 
aeeds of each county are concerned, are made in such form that it is im- 
possible to make intelligent comparisons of records of the various counties. 
A.n effort will be made, through this committee, to standardize all reports. 

In addition to other important considerations, a study is now being 
nade of mine rules and regulations, with a view to eliminating unnecessary 
•egulations and including others that appear to be of paramount im- 
jortance. 

This committee recently considered and made recommendations that 
ed to the holding of a first-aid contest at Ishpeming, Mich., during 
Vugust, 1914. This meet was attended by teams from all over the Lake 
Superior region. 

Work of the Federal Bureau op Mines 

The Federal Bureau of Mines has headquarters at Ironwood, Mich., 
stablished in November, 1912. It has recently acquired, through lease, 

. small tract of ground on the right of way of the Chicago & Northwestern 
lailway, and a spur has been built thereon for the accommodation of the 
escue car. Arrangements have been practically perfected under which 
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the operators of the Gogebic range will erect a building containing the 
necessary office room and housing for the rescue car. 

The Bureau’s representatives in the district have comprised a district 
engineer, a foreman miner, and a first-aid miner. The rescue car has 
been active in training the miners of the entire region in first aid to the 
injured and rescue work. It has not, however, been continuously en- 
gaged in this work owing to lack of available funds. Up to the present 
time there have been trained in the entire district a total of approximately 
700 men in first aid to the injured, and 400 men in the use of oxygen 
breathing apparatus. These men have trained others and it is estimated 
that there is now a total of 2,000 men in the district who have received 
training in first aid to the injured, and 1,000 men who have received 
training in the use of oxygen breathing apparatus. 

In addition to this work of training, the district engineer has visited 
and examined a large proportion of the mines of the region. These 
examinations were followed in some cases, at the request of the manage- 
ment, by recommendations for increasing safety in the mines. Special 
investigations undertaken include those having to do with ventilation, 
mine fires, organization and conduct of safety work, the use of mine sign 
boards, and hoisting signals. Papers have been written on these sub- 
jects for publication by the Bureau and by various mining institutes. 
Other educational work carried on comprised illustrated lectures to the 
miners in and about the mines visited by the rescue car. The district 
engineer brought about the organization of the co-operative range com- 
mittees mentioned on preceding pages. 

The activities of the Bureau of Mines have doubtless been instrumen- 
tal in furthering the work of safety. Its chief function has been in stimu- 
lating activity in safety, rescue, and first-aid work. The moral effect of 
the presence of the car and its attendants has served to call the attention 
of the miner to the fact that the subject of safety and first aid is of suf- 
ficient interest and importance to cause the government to take an active 
hand in the work. The Bureau of Mines’ representatives have worked in 
co-operation with the operators and every one else engaged in safety work 
in the region, and have been favored with most courteous treatment and 
co-operation in all their efforts. It might be added here that the writer 
has, for the past two years, served as district engineer of the Bureau in the 
Lake Superior region. 

Results of the Safety Movement 

It is not possible at this time to prepare a statement that will indicate 
the full measure of benefit derived from the practice of safety work in the 
Lake Superior region. The safety movement is practically in its infancy, 
and a period of years must elapse before any fair estimate can be made of 
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the actual good resulting from it. That all classes of accidents are stead- 
ily decreasing is shown by tables submitted herewith ; the next few years 
should show a proportionate or even greater decrease. 

Inquiries as to the reduction of accidents through safety work directed 
to all the operators of the district were answered, in a majority of cases, 
by the statement that records are not yet available; there were many 
indefinite replies stating that accidents had decreased; no replies were 
received stating that accidents had increased. Personal inquiry by the 
writer brought forth statements from the most important operators indi- 
cating that safety work has caused a material reduction in accidents, 
and that they are all desirous of continuing the work. In many instances 
a great deal of enthusiasm was displayed. An interesting statement 
regarding fatal injuries sustained by employees was received from the 
management of a large iron mine. It may be remarked that this com- 
pany began active safety work early in 1912. The statement appears 
in Table I. 

Table I . — Record of Fatal Accidents in an Iron Mine 



Total Number 

Number of 

Fatal Accidents per 

Year 

of Men Employed 

Fatal Accidents 

Year per 1,000 Men 


per Day 

per Year 

Employed 

1889 

185 

2 

10.81 

1892 

224 

2 

8.93 

1893 

259 

1 

3.86 

1898 

312 

11 

35.26 

1905 

372 

3 

8.07 

1906 

719 

16 

22.25 

1907 

731 

5 

6.84 

1908 

874 

3 

3.43 

1909 

1,050 

8 

7.62 

1910 

1,317 

12 

9.11 

1911 

1,235 

6 

4,86 

1912 

729 

5 

6.86 

1913 

1,548 

5 

3.23 


No accurate records exist of accidents in the Lake Superior mines for 
a period of years. The Bureau of Mines only began the collection of 
accident statistics in metal mines in 1911. However, a compilation 
showing the fatal accidents for ten years previous to 1911 has been made 
by 0. C. Davidson, General Superintendent, Oliver Iron Mining Co., 
Iron Mountain, Mich. Mr. Davidson reviewed the county mine in- 
spectors' reports from Sept. 30, 1901, to Sept. 30, 1911. With the data 
thus obtained, and tonnages based on statements of shipments published 
by the Iron Trade Review, he was able to prepare this interesting state- 
ment. The compilation is submitted herewith as Table II. Attention 
is directed to the low death rate indicated in Dickinson county and the 
high rate in Iron county. 
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Table II. — S>ii’.„:arj of Fatal Accidents in Michigan Iron Mines from 
Sept. 30, 1901, to Sept. 30, 1911 


County 

1 

Tons of Ore 
Mined 

10 Years 

Total 
Number of 
Employees 
10 Years 

Number 
of Fatal 
Accidents 
Reported 

Tons of Ore 
Produced 
per Fatal 
Accident 

Fatal 
Accidents 
per 1,000 
Men 

Employed 

Dickinson 

22,601,474 

31,836 

84 

269,065 

1 

2.638 

Marquette 

36,721,389 , 

57,161 j 

248 

148,070 

4.339 

Gogebic 

29,191,952 

42,471 1 

226 

129,168 

5.321 

Iron 

17,986,380 1 

20,962 1 

158 

113,838 

7.537 

1 

106,501,195 

152,430 

716 

148,745 

4.697 


The number of fatal accidents and other data for the years 1911 and 
1912 are shown in Table III. It may be noted from this table that Minne- 
sota stands first and Michigan second in the column showing the number 
of men killed per thousand employed. The other States included in this 
table comprise the chief metal-mining States of the country. The figures 
for Michigan and Minnesota serve the further purpose of showing the 
decrease in fatal accidents as compared with the 10 years indicated in 
Table II. These figures were obtained from Bureau of Mines Technical 
Paper No. 61, Metal Mine Accidents in the United States During the 
Calendar Year 1912, by A. H. Fay. Figures for 1913 are not yet avail- 
able. From county mine inspectors’ reports, however, it is probable 
that the accident rate for the Lake Superior region during 1913 will show 
a marked decrease. 

In summing up the beneficial results of the shfety movement, it may 
be said that by far the most valuable accomplishment has been the 
reduction in the number of deaths, and serious and permanent injuries. 
This, of course, has been brought about through the improved working 
conditions in the mines, more vigorous inspection, and the reduction of the 
hazards to the worker through the use of various safety devices. Bodily 
suffering has been reduced, the earning power and efl&ciency of the worker 
have been increased, and mental suffering and hardship on the part of 
widows, orphans and other dependents have been lessened. 

Not only have beneficial results been forthcoming from a humani- 
tarian standpoint, but also from a financial standpoint. When a miner 
is injured the money that he can contribute toward the support of his 
dependents is curtailed in proportion to the seriousness of his injury. If 
the miner is killed the support of his dependents devolves upon others, 
t^s giving them a double burden to bear. The employer also sustains 
loss, both in hospital expenses and in the payment of compensa- 
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Table III. — Fatal Accidents in Va/nous Metal-Mining States During the 
Calendar Years 1911 and 1912 


State 

Number of Oper- 
ators Reporting 

Total Number 
of Employees 

Number 

Killed 

K.Ued per 
1,000 

Employed 

1911 

1912 

1911 

1912 

1911 

1912 

1911 

1912 

Alabama 

25 

20 

4,101 

4,827 

10 

33 

2 44 

6.84 

Arizona 

352 

479 

12,768 

15,591 

70 

67 

5.48 

4.30 

California , ... 

855 

1,048 

10,877 

10,312 

38 

40 

3.49 

3.88 

Colorado .... 

660 

624 

10,404 

8,892 

43 

48 

4.13 

6.40 

Idaho 

513 

639 

4,801 

6,229 

23 

29 

4.79 

4.66 

Michigan® .... 

74 

79 

31,584 

29,469 

134 

96 

4.24 

3 26 

Minnesota^ — 

40 

43 

16,548 

16,559 

76 

50 

4.59 

3.02 

Wisconsin® . . . 

8 

11 

1,157 

2,338 

2 

9 

1.73 

3.85 

Montana 

332 

405 

13,346 

13,340 

62 

50 

4 65 

3.76 

Nevada 

472 

554 

6,210 

7,547 

50 

34 

8.05 

4.61 

Utah 

295 1 

336 

7,710 
1 

8,458 

49 

41 

6 36 

1 

4.85 


® In copper mines, 14,893 men employed, 44 killed, 2.95 killed per 1,000 employed. 
In iron mines, 14,378 men employed, 52 killed, 3.62 killed per 1,000 employed. 

* All iron mines. 

‘ AH iron mines. 


tion. Oa the Marquette range, when a miner is killed, it has long been a 
custom for the entire mine force to cease work until the victim of the 
accident has been buried. The loss caused in this way amounts to 
approximately $2.30 per day per man involved, and an average of $500 
in fixed charges to the company for every fatal accident. 

Another source of financial loss is that sustained by the tax payers for 
the maintenance of courts for the trial of damage suits. Investigation 
discloses that in one Minnesota county $75,000 per annum has been spent 
in this manner. 

In addition to the reduction in the loss of life, and the saving in money 
to both the miner and the operator, other benefits have developed. There 
appears to be a better understanding between employer and employee 
and the miners are beginning to realize that the safety work is being done 
for their benefit. Throughout the district a strong spirit of co-operation is 
noticeable, not only between the miner and employer, but between the 
officials of the various mining companies and mining districts. Informa- 
tion regarding safety and efficiency work is exchanged between operators 
with the utmost freedom, and there is hardly a mine in the region that is 
not open for inspection as far as safety devices and methods are 
concerned. 


THB SAFETY MOVEMENT IN THE LAKE SHPEBIOR IRON REGION 767 


Cost of Safety Work 

It has been impossible to arrive at even an approximate estimate of 
the amount of money spent on safety work in the Lake Superior district. 
Inquiries directed to all of the companies by the Bureau of Mines in 1913 
were in a large majority of cases answered by the statement that no record 
has been kept of the money spent. Of course, many of the companies that 
have separate safety departments have kept records, but even some of 
these are incomplete in that they do not include money spent before 
the completion of the safety organization. Accurate figures should be 
obtained in the future, however, as safety work is becoming more and 
more a definite part of mine operation. 

Perhaps an extreme case in the matter of expenditures in safety work 
is reported in the following statement taken from Bureau of Mines Tech-- 
nical Paper No. 30, ''Mine-Accident Prevention at Lake Superior Iron 
Mines,’ by Dwight E. Woodbridge: 

Cost of Safety Devices Installed by One Lake Superior Iron-Mining 


Company in 1911. 

Menominee range, Michigan and Wisconsin .... . . . . $8,196 

Gogebic range, Michigan and Wisconsin. . . . 15,733 

Marquette range, Michigan. . . . 19,937 

Vermilhon range, Minnesota . . 11,327 

Baraboo district, Wisconsin . . , 222 

Mesabi range, Minnesota ; 

Hibbing district. . . .... . 18,770 

Chisholm district . . . . . 11,142 

Adams district. . , . . 8,001 

Payal district. , . . . . . 8,525 

Virginia district . . 14,815 

Canisteo district ... . 21,152 


$137,820 

Table IV, showing expenditures per year of various companies for safety 
work, wiU serve to throw some light on this subject, although the figures 
are extremely variable. It may be noted that the figures in this table 
account for only 6,480 men, whereas there were employed in the iron 
mines of Michigan, Minnesota, and Wisconsin, during 1912, a total of 
33,275 men. From this table it appears that the lowest sum spent per 
year, per man employed, was $1; while the highest is more than $48. 
The average for the whole is $10.10 per year per man employed, which 
is probably a high average for the region. 

One company, employing over 2,000 men, spends approximately $6 
per year per man employed. This company has a well-organized and 
efficient safety system. Another large company spends slightly more 
than this. In this connection it must be considered that in the begiAning, 
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Table 1Y.— Expenditures during 1912 for Safety Work of Some Lake 
Superior Iron-Mining Companies 


Annual Production, 
Long Tons 

Number of Men 
Employed Daily 

Amount Expended 

237,358 

297 

$5,075 

225,000 

265 

2,000 

75,000 

130 

1,000 

350,000 

110 

3,000 

400,000 

150 

3,000 

260,000 

310 

15,000 

28,100 

40 

230 

169,708 

154 

885 

210,068 

158 

480 

156,000 

110 

903 

128,465 

120 

4,850 

312,000 

85 i 

1,000 

1,260,000 

1,000 

i 1,000 

2,033,242 

2,178 

13,715 

3,700 

38 

311 

124,000 

175 

1,500 

102,400 

160 

1,407 


5,480 

$55,356 


when safety devices are being installed, the expense is greater than in 
succeeding years. It is probable that a fair average for maintaining 
safety work, after the preliminary work has been done, would be in the 
neighborhood of 15 per year per man employed. During the year in 
which safety devices are installed, if an elaborate s 3 rstem be adopted, the 
cost may run as high as $10 or more per man. 


Does Sapett Work Pat? 

Answering the question as to whether or not safety work pays, one 
may say without hesitation that it pays enormously from a humanitarian 
standpoint. There is no argument here. The records of many coal 
companies and other organizations which have practiced safety work 
for a number of years show undoubtedly that it pays also from a financial 
standpoint. As to figures on this phase of the question in the Lake Su- 
perior district, nothing accurate is possible of compilation. Without the 
cost of the work as a basis, acceptable figures cannot be submitted. 

However, there is a method of arriving at approximate figures, based 
upon actual conditions in the Lake Superior region. Before going into 
this, it seems proper to submit some figures regarding the compensation 
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that must be paid to miners for various classes of injuries. The States of 
Michigan, Minnesota, and Wisconsin all have in force a workman's com- 
pensation act. The following information is from the Public Acts of the 
State of Michigan, the provisions of which differ little from those of 
Wisconsin and Minnesota. 

In case of a fatal injury to an employee, the employer must pay to 
the dependents of the injured a weekly sum equal to one-half his average 
weekly wages, but not more than $10 or less than $4 a week, for a period 
of 300 weeks from the date of the injury. 

In case of permanent disability r-‘!r'j'-':*u from injury, the employer 
shall pay to the injured a weekly compensation equal to one-half his 
average weekly wages, but not more than $10 or less than $4; in no case 
shall the period covered by such compensation be greater than 500 weeks, 
nor shall the total amount of such compensation exceed $4,000. 

Thus it may be seen that a permanent injury may cost the company 
more than a fatal injury. For injuries resulting in temporary disability, 
the injured receives a weekly compensation equal to one-half the differ- 
ence between his average weekly wages before the injury and the average 
weekly wages which he is able to earn thereafter, but not more than $10 
a week; and in no case shall the period covered by such compensation be 
greater than 300 weeks from the date of injury. 

The above provisions are followed by a long list of payments to be 
made to the injured in case of the loss of a finger, a hand, a foot, an 
eye, etc. 

In order to show what saving may be effected through the practice 
of safety work, let us assume an iron mine employing 1,000 men per day, 
in which no money is spent for safety work. Past experience has pointed 
out that a mine of this size, making nb attempt to prevent accidents, may 
easily make the following yearly accident record: 


Number of men killed 6 

Number of men seriously injured 40 

Number of men slightly injured 250 


A serious injury may be considered as one that incapacitates the work- 
man for more than 20 days; a slight injury one that incapacitates him for 
less than 20 days. The total cost in compensation for this sum of acci- 
dents, based upon the compensation stated above, may be as follows: 


6 men killed, at $2,500 each $15,000 

2 men permanently injured, at $3,000 each 6,000 

13 men, average disability 20 weeks, at $7 per week 1,820 

25 men, average disability 8 weeks, at $7 per week 1,400 

250 men slightly injured, average disability 1 week, at $7 per week 1,750 

Legal fees, hospital and other casualty expenses 15,000 

Total $40,970 

VOL. L. — 49 
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This tabulation, does not include payments for the loss of hands, feet, 
etc. In total amount it is below many records that have been noted by 
the writer. 

Now, let us suppose that this company had practiced safety work, 
and that the death rate was three men killed per 1,000 employed (approxi- 
mately the Minnesota 1912 rate) and the injuries proportionately lower. 
This would mean a reduction of one-half, or a saving of approximately 
$ 20 , 000 . 

Of course the safety work will cost something, but even if it amounted 
to $10 per year per man employed, or $10,000 in this case, there would 
still be a balance of $10,000 saved. 

Conclusions 

It has not been the intention in this paper to convey the idea that the 
T Superior iron ranges comprise the only metal-mining region in the 
United States where efficient safety work is done. It is acknowledged 
that there are individual mines elsewhere that can show accident records 
just as good, and possibly better than those of some of the Lake Superior 
mines; also that the safety movement is gaining ground throughout the 
various metal-mining districts of the United States. The operating 
companies of the Lake Superior region are for the most part large and 
strong financially and they can well afford to lead the way in work of this 
nature. In the Western metal-mining States there is a much larger pro- 
portion of small operations and prospects, the owners or lessees of which 
cannot afford to go to great lengths in the matter of safety. 

It is hoped that all mine operators, from the insignificant prospector 
to the wealthy magnate, will eventually recognize the value of safety 
work. Sufficient records are now available, both from coal- and metal- 
mining districts, to prove that safety work pays from every standpoint. 
In this connection, it is well to be able to say that safety work pays from 
a financ ial as well as a humanitarian standpoint, for it is a sad but true 
commentary that there are still some operators who caimot be appealed 
to except by a promise of financial gain. 

The writer feels that he has not done justice to the subject matter 
of this paper, especially that part of it dealing with the vast good that 
has been accomplished through the lessening of death and suffering. 
Again, some data concerning other phases of the subject have of necessity 
been omitted owing to the short time that was available in which to pre- 
pare this paper. 
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Gasoline Locomotives in Relation to the Health of Miners 

BY O. P. HOOD, PITTSBURGH, PA. 

(Pittsburgh Meeting, October, 1914) 

None of the methods now in use for the transportation of materials 
underground is entirely free from more or less serious objection. The 
great flexibility, ease of control and economy of operation of electric 
tramming are accompanied by the serious menace of a trolley-wire dis- 
tributing system. 

As the gasoline locomotive has even greater flexibility of application 
and requires no similar dangerous distributing system, it might be con- 
sidered a safety device which would make possible the elimination of the 
dangerous trolley system were it not possessed of other objectionable 
qualities peculiar to itself. It is found that the exhaust gases from the 
engine may be injurious to the health of those breathing the air in which 
the locomotive has been operating. While electric shock may kill the 
individual who makes contact with uninsulated parts, the gasoline engine 
may be detrimental to the health of all those who have to work within the 
atmosphere corrupted by exhaust gases. The degree of pollution meas- 
ures the magnitude of the menace. This may be negligible at times, but 
with careless operation it becomes serious. The exhaust gases from an 
engine are composed of nitrogen, a little free oxygen, hydrocarbons, 
hydrogen, carbon monoxide, and carbon dioxide, the last two being con- 
sidered dangerous. 

The presence of carbon dioxide as a product of combustion of the gaso- 
line was recognized as an objection from the beginning of the use of these 
machines, but attention was called to the fact that the amount produced 
was relatively small as compared to that from other sources of this gas, 
and it was not likely to be made in dangerous quantities. The effect of 
carbon dioxide, except in relatively large percentages, is confined to the 
effect it may have in reducing the oxygen content of the air that is 
breathed. 

The presence of carbon monoxide in the exhaust gases in injurious 
quantities was less apparent, but it appears from what is now known that 
this is the limiting factor in the use of these locomotives if they are not 
to be injurious to health. The presence of carbon monoxide in the air in 
relatively smaU quantities has been shown to have a marked effect upon 
the blood, producing sickness, and if inhaled in sufl&cient quantity it pro- 
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duces death. A discussion of the effects of these gases is to be found in 
Technical Paper No. 62, U. S. Bureau of Mines, by G. A. Burrell, F. M. 
Seibeit, and I. W. Robertson. 

It is difScult to get those most conversant with the effects of carbon 
monoxide to assign a definite limit to the amount which may be in the air 
without detriment to health. There does not exist a sharply defined 
line on one side of which is to be found safety, with danger on the other 
side. It has been shown that the physiological effects vary with differ- 
ent people, and with the state of health and degree of activity required of 
the individual, so that a condition which may be considered safe may 
prove to be unsafe under conditions of harder work and unfavorable 
physical state. After careful inquiry, the best that can be stated at this 
time is that, without injury to health, no more than 0.1 per cent, of car- 
bon monoxide can be breathed and that for short and infrequent intervals. 
It is probable that one-half of this percentage could be allowed for a con- 
siderable period of time without noticeable effect. 

The percentage of carbon monoxide in the mine air depends upon the 
amount made by the engine and on the quantity of air with which it is 
mixed. It will be necessary to provide ventilation for the worst possible 
combination of gases which such engines can make under imskillful hand- 
ling, or else to become informed as to the actual amount of carbon monox- 
ide produced and provide air accordingly. To provide for the worst 
conditions it becomes necessary, then, to consider the gasoline locomotive 
as a carbon monoxide producer, and to discover the maximum quantity of 
this gas which any engine is capable of making. It is not suflS.cient to 
consider the average amount produced as distributed over the whole time 
of running such a machine. The total quantity of gasoline burned in any 
one day may have produced but a small quantity of carbon monoxide, but 
if this has been confined to a relatively short period during bad carburetor 
adjustment, and in some poorly ventilated space, the momentary per- 
centage may be very high and the consequences may be fatal. It is 
evident that to be entirely safe the ventilation must be suflS.cient to keep 
the percentage of carbon monoxide below the assigned limit when the 
engine is producing the maximum quantity possible. If this maximum 
quantity is provided for by proper ventilation, the chance of injury to 
health can be considered to be quite remote. Certain peculiarities of 
gasoline engines make the percentage of carbon monoxide generated vary 
between rather wide limits, but the maximum is fairly constant. No 
other constituent of the exhaust gases varies so much or so rapidly with 
slight changes of adjustment as does the carbon monoxide. 

Extended experiments have been made by the Bureau of Mines to 
determine under what conditions of running such locomotives give a 
maximum quantity of carbon monoxide. This maximum quantity is 
found when the engine is running at full load and full speed, and when 
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burning the greatest quantity of gasoline which will maintain these con- 
ditions. Any further enriching of the mixture results in weaker explo- 
sions, misfires, a reduction in speed of the locomotive, and thus a reduced 
total quantity of gases. The weight of gasoline used per stroke may vary 
nearly 100 per cent, without varying the speed or power. As the mixture 
is enriched the combustion is less complete, reducing the efficiency but 
affecting the power but little until the upper limit of explosibility is ap- 
proached, when the power falls rapidly. Under these conditions a maxi- 
mum quantity of carbon monoxide equivalent to 5f per cent, of the piston 
displacement may be generated and delivered into the surrounding air. 
When the engine is throttled down to a slow speed and with a light load 
it is possible to produce exhaust gases containing a greater percentage of 
carbon monoxide but the total quantity is less because of the slow speed 
of the engine. It can therefore be stated that the amount of carbon 
monoxide possible to generate with a gasoline locomotive is a function of 
its piston displacement. 


Table I. 


Engine 
Cylinder 
Size, In. 

No. 

Cyl- 

in- 

ders 

Speed 

Eey. 

per 

Min. 

Piston 
Displace- 
ment a 
(Cu. Ft. 
per 
Min.) 

, Maximum Probable 
' Amount of Noxious 
Gases (Cu. Ft. per Min. 
at 60° F. and 30 in. Bar- 
ometer) Produced with 

Amount of Air (Cu. 
Ft. per Min.) Re- 
quired to Dilute 
Exhaust Gases to 1 
Part CO per 1,000 
Parts of Air 6 

Good 

Carburation 

Bad 

Carburation 

Good Car- 
buration 

Bad Car- 
buration 

CO 

CO 2 

CO 

1 CO 2 

! 

4.75 by 6.25 

4 

800 

172 

i 

2.61 

6.80 

9.911 

3.65 

2,610 

9,910 

5 by 6 

4 

600 

136 

2.06 

5.37 

7.84' 

2.88 

2,060 

7,840 

5 by 5 

4 

800 

182 

2.76 

7.18 

10.48 

3.86 

2,760 

10,480 

5 by 6 

4 

800 

218 

3.30 

8.60 

12.56 

4.62 

3,300 

12,560 

5.5by6 

4 

600 

165 

2.50 

6.51 

9.50 

3,50 

2,500 

9,500 

6by6 

4 

700 

275 

4.17 

10.86 

15.86 

5.82 

4,170 

15,850 

6by7 

4 

500 

229 

3.47 

9.04 

13.19 

4.85 

3,470 

13,190 

6.5by7 

4 

500 

269 

4.07 

10.63 

15.50 

5.70 

4,070 

16,500 

6 . 5 by 8 

4 

650 

399 

6.04 

15.76 

23.00 

8.46 

6,040 

23,000 

7 by 7 

4 

500 

312 

4.73 

12.33 

17.97 

6.62 

4,730 

17,970 

7by7 

6 

500 

468 

7.08 

18.49 

26.97 

9.92 

7,080 

26,970 

8 by 7 

4 

500 

, 407 

6.16 

16.08 

23.46 

8.62 

6,160 

23,450 

8by7 

6 

500 

610 

9.24 

24.10 

36.14 

12 93 

9,240 

35,140 

i. . 


a Area piston in square feet X stroke in feet X number of cylinders ,X revolutions 
per minute. 

5 Maximum amoimt of carbon monoxide which can be breathed for short and 
infrequent intervals without injurious effects. 
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The sizes of locomotives in common use are given in the accompany- 
ing table, together with the maximum quantity of injurious gases which 
they may generate. 

The size of a locomotive that may with safety be introduced into a 
mine depends upon the amount of air that can be mixed with the exhaust 
gases in the most unfavorable portion of the run of the locomotive. For 
each cubic foot of carbon monoxide possible to generate in the engine 
there should be available 2,000 cu. ft. of air to mix with the exhaust 
gases if this air is for continued breathing, while for short and infrequent 
intervals the proportion may rise to one part in one thousand. 

The air with which the exhaust gases are mixed is the air passed 
through by the locomotive. If the speed of the air current and that of the 
locomotive are the same there would be a concentration of exhaust gases 
immediately surrounding the engine, which would very soon reach the 
danger limit. The engine r unn er would be exposed to this excessive 
amount. Or, the air may be stationary, and if the locomotive passes 
though this air at such a rate as to distribute the exhaust gases into 
the required quantity of air the dilution may be below the danger limit. 
It becomes necessary, therefore, to investigate the relative velocity of the 
locomotive and the air current, together with the cross section of this air 
current, in order to determine whether a sufficient quantity of air is passed 
to insure a proper dilution. The mixing due to the movement of the cars 
and the diffusion of the gases is expected to distribute the gases through 
the ah'. An investigation of this kind will frequently disclose some por- 
tion of the run of the locomotive where the air and the locomotive are 
traveling together and the dilution is insufficient, forming the basis for 
just complaint. By a change in the speed of the locomotive, or more 
careful running, perhaps with lighter loads, these difficulties can frequently 
be overcome. It is evident from the foregoing that it is a dangerous 
practice to allow locomotives to stand idle for any length of time in loca- 
tions where there is not ample movement of air. The introduction of a 
self-starter on locomotives which are compelled frequently to wait for 
cars would be a great aid. The engines on these locomotives are usually 
difficult to start, and to stop the engine whenever the locomotive is com- 
pelled to wait for a few minutes would not be practicable unless some easy 
means of re-starting was provided, but this practice would greatly reduce 
the chance of air pollution. 

The requirement that not less than 1,000 cu. ft. of air shall pass the 
locomotive for each cubic foot of carbon monoxide possible for the engine 
to generate will limit the size of the locomotive in many cases to sizes 
smaller than are now in use. It may also confine the use of these engines 
to main entries where there is ample ventilating current. 

This maximum quantity of noxious gases which is here provided for 
should not actually be realized with improved carburetor construction 
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and skillful manipulation. The percentage of carbon monoxide in the 
exhaust gases under the worst conditions is about 13| per cent., while 
under normal running conditions the amount seldom exceeds 6 per cent. 
It is this great variation in the possible amount of carbon monoxide due to 
unskillful operation that makes the experience of different users of these 
machines vary through the wide limits noted. If a locomotive is installed 
in a place where the quantity of air is not sufficient properly to dilute the 
maximum quantity of carbon monoxide, analyses of the exhaust gases 
should be made to determine just what percentage is actually produced 
with the carburetor in use and the methods employed in running these ma- 
chines. The ventilating current may then be regulated to conform to the 
actual amount of carbon monoxide as found. It is proposed that this 
be done by a method somewhat as follows: 

Suppose, upon analysis, that the actual amount of carbon monoxide 
is found to be not over 4 per cent. ; allowing a factor of safety of 2, and 
assuming that this percentage might on occasion mount to 8 per cent., 
and, since the maximum percentage possible is about 13§ per cent., 
the ventilating current required can be regulated in the proportion of 
8 to 13§. 

If a careful study is made of the amount of air available for dilution 
throughout the run of a locomotive, and the quantities are kept within 
the limits that are here proposed, a wide field of usefulness for these loco- 
motives remains, where it is believed there would be no injurious effects 
upon health. 

Discussion 

R. V. Noeeis, Wilkes-Barre, Pa. — I have had a little experience with 
gasoline locomotives and I want to indorse very strongly Mr. Hood’s point 
with regard to the danger of carbon monoxide poisoning. I think the 
terrible danger is not fully realized. 

I was foolish enough some time ago, in investigating a gasoline loco- 
motive, to attempt to walk out of the mine entry behind it, and for sev- 
eral days I felt very seriously the carbon monoxide effects. 

The use of gasoline locomotives ought to be confined to mine entries 
where there is a very large amount of air. One of the grave dangers is 
their great convenience and the temptation to run them into chambers for 
just a few moments to get a car or two. 

Geoege S. Rice, Pittsburgh, Pa. — ^Apparently one of the great dan- 
gers is in the style of the gasoline engine. When my attention was first 
directed to the type of gasoline locomotives which I saw in the foreign 
mines — France, Belgium, and Germany, I was most favorably impressed 
with them, and they have given no trouble on account of fumes, so far as I 
could learn . Large numbers of them were being used, but all were of small 
capacity, and of a kind in which the speed control is by a governor of the 
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hit-or-miss type, the engine running continuously. Their power capacity 
was very low, if I remember correctly it was not over 4 or 5 h.p., but they 
were used under favorable conditions where the grades in the mines were 
slight, since the entries or tunnels had a slight grade in favor of the load, 
maVmg about the same puU for the empties against the grade as for the 
load with the grade. I understand the hit-or-miss valve arrangement 
enables a setting that will give more perfect combustion than can be 
insured with the valve controlled by the operating man, as in the automo- 
bile type of valve and engine used in this country. Apparently the Euro- 
pean type of locomotive does not have the capacity to permit use under 
the conations existing in this country, where most of our entries or tun- 
nels have variable grades and long heavy trips of mine cars are used. 

S. A. Tatlor, Pittsburgh, Pa. — I have had a little experience along 
this line in a mine of low vein coal where just such conditions as Mr. Rice 
speaks of were prevalent. We had great difficulty with the motor and 
<id not use it except on retum-air courses, using our main heading as the 
retum-air way. We had no good method of regulating the amount of 
gasoline admitted into the engine. This seems to be one of the weakest 
points in all of the gasoline locomotives I have examined. When the 
motor staUs or checks up a little the man running the motor will throw in 
excessive gasoline, and the fumes are extremely hard to handle even with 
a very good current of air. In order to overcome the stalling we took up 
the track and relaid it to a uniform grade, but even then, when there was 
an extra wagon — a ton or two on a trip — we would find the same difficulty 
arising. We operated our fans and pumps with electricity. On one 
occasion the generator broke down, and while we were waiting for a piece 
to replace the broken part the sump began to fill up; as the pump was in 
there the motor was run in quickly to pull it out, with disastrous results. 
Two men were working at the pump. No air current was passing, and 
when the motorman started the motor a lot of gasoline was turned on, 
with .the result that one man was overcome almost instantly, requiring 
several minutes’ work to relieve him, and our mine foreman, who was not 
nearly so susceptible to the fumes, felt the effects very perceptibly. One 
of the main things, I believe, is to get a device on the motor that will 
control in a very much better way the amount of gasoline admitted into 
the engme. 

Another thing of importance is to employ capable men to rim it. In 
these days of automobiles, you would think; that would not be a very 
serious question, but it is around a mine. You can put on one of your 
best machinists to run the motor; if it stalls, he gets rattled about his 
machine not working, and if he has no automatic control he will throw on 
too much gasoline, and trouble results. 

W. G. Whildin, Lansford, Pa. — We had an experience of more than 
a year with five gasoline locomotives, 10-ton type, of three different 
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makes. We found that it was not so much a question of the health of 
the miners, because the men were not affected at all, but the health of the 
company’s finances, which at that particular plant suffered very much. 
We finally put in an electric haulage system which we had been reli- 
giously keeping away from on account of its greater cost. 

After the installation of the electric haulage system, about four months 
ago, we found our output increased 30 per cent, from exactly the same 
openings. 

The main trouble with the gasoline locomotives was that they were 
not dependable. In the morning all five of them would start out on their 
runs in fine condition, and sometimes — ^in fact, very often — within a few 
hours, three and sometimes four of them would be out of service, and trips 
stalled in all parts of the mine. As a result, the locomotives which were 
still working were overloaded by having to move these cars and their 
regular trip in order to clear the road. 

As I stated, our men were not bothered at all by the fumes from the 
locomotives. Our workings are all on heavy pitches, and by actual tests 
men working in blind ends were not affected even when the motors were 
located directly below them. We had one case, however, where four 
motormen were so badly overcome that the use of the pulmotor had to be 
resorted to. This occurred at a point near the foot of the shaft where 
we had the locomotives stored over night, and when the engines were 
started in the morning the fumes were very strong. 

So far as care of the locomotives was concerned; I want to say that at 
all times they received the best care possible. Every night two high- 
class repairmen, assisted by some or aU of the motormen as was found 
necessary, overhauled the locomotives. 

0. P. Hoon, Pittsburgh, Pa. — Since the discussion has been confined 
to the difficulties that have been met with, I feel like defending the gaso- 
line locomotive. The great difficulty has been that people do not recog- 
nize the presence, the source, or the magnitude of the danger in using 
these machines. 

It would be a bad thing to place powder in the hands of those who do 
not know its danger, but simple rules and regulations allow its extensive 
use in proper hands. The same can be said of gasoline locomotives. 
That there is danger from the exhaust gases is not recognized imtil after 
some unfortunate experience such as has been related in the discussion. 
The limits are not known — ^just how far one can go and still be safe — 
and for this reason investigations were made by the Bureau of Mines. It 
is believed that under proper regulations and with intelligence the ma- 
chines can be safely used. The gasoline locomotive can be easily over- 
loaded and evidently with disastrous results, as related, but some regula- 
tion resisting this tendency should not be hard to enforce when it is made 
evident that it is necessary for safety. 
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The makers of the gasoliae motor are of the opinion that a re^y good 
carburetor such as you would expect to have on your automo i e is no 
suited for mining machinery. GasoUne locomotives use bot one make of 
carburetor, its great advantage being ruggedness and simplicity. Five or 
six per cent, of carbon monoxide may be made with these carburetors, 
while in certain long-distance economy runs of automobiles with better 
carburetors the exhaust gases contained only a fraction of 1 per cent. 
This shows what it is possible to do with gasoline locomotives. 

The gasoline engine in a mine should be frankly recogmzed as a 
possible source of danger and the necessary conditions for safety Projided. 
When the danger is thus recognized the conditions for safety are not ditti- 


cult of attainment in many places. 
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'A Test of Centrifugal Motor-Driven Pumps 

BT S. S, RUMSEY* AND W. P. SCHWEDES,t DITLUTH, MINN". 
(Pittsburgh. Meeting, October, 19 14) 


Introduction 

In order to realize the economies which would result in operating the 
mine pumps at the Chapin mine with electricity generated by water 
power, the Oliver Iron Mining Co. recently installed a hydro-electric 
plant at the upper Quinnesec falls on the Menominee river, and con- 
structed a transmission line to the mine. 

On account of the large flow of water in the Chapin mine, and the 
great depth from which it has to be handled, it was necessary to make a 
thorough investigation of the merits of both the motor-driven centrifugal 
and motor-driven plunger pumps, in order that the most economical 
results as regards power, cost of installation, maintenance, and operation, 
be obtained. This investigation resulted in the selection of motor-driven 
centrifugal pumps, as the cost of the pumps and motors, installation, and 
maintenance was considerably lower, and the space required in the under- 
ground workings very much smaller, than for the plunger pumps. The 
overall eflhciencies guaranteed by several of the centrifugal-pump manu- 
facturers were so nearly those guaranteed by plunger-pump manufac- 
turers that the saving in power which would result from the installation 
of plunger pumps did not justify their increased first cost and the in- 
creased cost of installation under the conditions prevailing at the Chapin 
mine. 

In order to substantiate the representations of the centrifugal-pump 
builders it was deemed necessary to insist upon a factory test of the 
completed units before shipment, the test to be conducted under condi- 
tions of head and capacity approximating as nearly as possible those under 
which the pumps would operate in service. Furthermore, it was con- 
sidered necessary to demonstrate, by test, that there were no deficiencies 
in design or capacity of the pumps or motors before their final installation 
in the mine, as it would be extremely difficult to make alterations in the 
pumps or motors after they were installed. 


* Chief Engineer, Oliver Iron Minin g Co. 
t Electrical Engineer, Oliver Iron Mining Co. 
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The general arrangement of the pumps, piping, and electrical control 
for the 12th level is shown in Fig. 1, and for the 16th level in Fig. 2. 



Power is transmitted from the surface to 12th-level pumps through 
two 250,000-circular mil, three-conductor, 30 per cent. Para rubber- 
insulated, lead-covered, steel-armored cables; and from the surface to 16th' 
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level through two 3-0 three-conductor, 30 per cent. Para rubber-insu- 
lated, lead-covered, steel-armored cables. These cables were manu- 
factured by the American Steel & Wire Co., in conformance with 
specifications which were especially suited to the conditions. 

The method of carr 3 dng these cables down the vertical mine shaft, and 
supporting them by the concrete shaft timbers, is shown in Fig. 3. 

Specifications for all equipment required for the power and pumping 
plants, and all plans for the installation of same, were prepared in the 
office of the Chief Engineer of the Oliver Iron Mining Co., at Duluth, 
Miim. 

Report of Test 

In accordance with the contract with Henry R. Worthington Co., 
tests were run on the four 3,000-gal., motor-driven centrifugal pumps 
built by them for service on the 16th and 12th levels. No. 2 Hamilton 
shaft, Chapin Mine, Iron Mountain, Mich. The complete erection and 
testing of these four motor-pump units was witnessed by the Electrical 
Engineer of the Oliver Iron Mining Co. The first pump was turned over 
Dec. 13, 1913, and the test completed on the fourth pump Jan. 13, 1914. 

Description of Motor-Driven Pumps 

The water to be pumped from the Chapin mine is encountered on the 
16th level, and is approximately 3,000 gal. per minute. The vertical lift 
from the sump on the 16th level to surface will be 1,358 ft., and the water 
will be pumped to the surface in two lifts, the pumps being located as 
described below: 

Two 3-stage pumps will be installed on the 16th level, each having a 
capacity sufficient to handle the entire mine flow to a sump on the 12th 
level, a vertical lift of 392 ft. The estimated dynamic head against 
which each 16th-level pump will operate when throwing 3,000 gal. of 
water per minute is 412 ft. 

Two 6-stage pumps will be installed on the 12th level, each having a 
capacity sufficient to handle the entire mine flow to surface, a vertical 
lift of 966 ft. The estimated dynamic head against which each 12th-level 
pump will operate when throwing 3,000 gal. of water per minute is 1,000 ft. 

Under normal conditions only one pump on the 16th levej and one 
pump on the 12th level will operate simultaneously. There are, however, 
two independent discharge column pipes, making it possible to operate 
both pumps on both levels simultaneously, thereby providing a maximum 
capacity of 6,000 gal. per minute from the 16th level to the surface. 

Fig. 4 shows the general arrangement of present steam and air pumps 
and new electrical pumps. 

The pumps are of the multistage turbine type, built in units of three 
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Fig. 4. — Pumping Diagram, Showing Steam and Electric Pumps. 
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stages each. The two 16th-level pumps each consist of one unit of three 
stages, mounted on a common cast-iron bedplate, with a 450-h.p. 1,200 
rev. per minute induction motor direct connected through a flexible 
coupling. The 12th-level pumps each consist of two three-stage units, 
mounted on a common cast-iron bedplate, and direct connected through 
a flexible coupling to each end of a 1,050-h.p. 1,200 rev. per minute 
induction motor, the discharge of the low-pressure unit being connected 
through a 12-in. pipe to the suction end of the high-pressure unit. 

The three-stage units that make up the four pumps are identical in 
design and dimensions so that all parts are interchangeable, excepting 
the impellers in the six-stage pumps, which have a trifle larger diameter as 
their operating head is more than twice that of the three-stage pumps. 

The pumps are designed to allow lowering through a vertical mine 
shaft 3 ft. 10 in. wide by 6 ft. 4 in. long. All glands are water sealed and 
all bearings are water cooled; casings are cast steel; impellers and diffusion 
vanes are bronze. 

Each pump is driven by a General Electric 2,200-volt, three-phase, 
60-cycle, 1,200 rev. per minute, wound secondary induction motor, with 
provision for short-circuiting secondary windings at the control board by 
means of an oil switch which is so interlocked with the drum controller 
and primary circuit breaker that the entire control equipment is as 
“fool-proof” as is possible to make it. 

All the 2,200-volt control equipment will be mounted in concrete 
compartments and all wiring around motors will be so protected that all 
possible danger to operator is eliminated. 

These centrifugal pumps will replace the present steam pumping 
equipment. The rating of the centrifugal pumps is shown in Table I. 


Table I 



12 in. 3-Stage 
16th Level 

i 

12 in. 6-Stage 
12th Level 

Capacity in U. S. gallons per minute 

3,000 

3,000 

Total dynamic head in feet 

412 

1,000 

Rev. per minute at full load 

1,178 

1,170 

Diameter of suction in inches 

12 1 

12 

Diameter of discharge in mches 

12 

12 

Horsepower of motors 

Electrical characteristics of motors: 

2,200 volts, three-phase, 60 cycles. 

450 

1,050 


Purpose of Test 

Bach pump with its motor was tested to determine: (1) Head- 
capacity curves of pumps; (2) overall efficiency, wire to water; (3) degree 
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with which builder’s guarantees were met; (4) mechanical operation of 
pumps and motors for vibration^ thrust, heating, and noise. 

Method of Testing 

The four pumps were shipped from the Worthington factory at 
Harrison, N. J,, to the factory of the General Electric Co. at Schenectady, 
N. Y., and each complete unit assembled and aligned on a steel floor 
plate. 

Power supply for pumps Nos. 1, 3, and 4 was taken from a 12,500- 
kva.,2,200-volt turbo-generator which was run especially for this test. 



Fig. 5 a. — ^Areangement of Discharge Water Piping of First Three-Stage 

Pump. 

Pump No. 2 was supplied from a 750-kw. direct-current motor-driven 
alternating-current generator. Constant frequency was available from 
the turbo-generator, but the frequency of the motor-generator set 
fluctuated and test readings were taken as frequency became reasonably 
steady at 60 cycles. Power input to motors was measured with previously 
calibrated electric instruments. The head on pump was obtained by 
means of a pressure gauge between pump and discharge valve and a TJ- 
tube in pump suction. The pump discharge in gallons per minute was 
measured with a calibrated 3-m. nozzle. Figs. 5A, 5B, and 5C shows the 
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piping around pumps, as set up for each test, and the location of pres- 
sure gauges and U-tube. All pressure gauges were carefully calibrated 
and all pressure readings in the following data are corrected. 

The 3-in. nozzle was calibrated over a rectangular weir up to 46^ lb. 
nozzle pressure, and Table II gives readings taken on this calibration. 



Fig. 6B. — Areangbment op Discharge Water Piping op Second Thebe-Stage 

Pump. 


Table II 


Pressure on Nozzle 

P \ 

Gallons per Minute over 
Weir 

C 

CoDstant 

K 

n 

820 

91,200 

13| 

1,105 

91,500 

19J 

1,330 

90,750 

26 

1,620 

89,000 

29i 

1,610 

89,000 

41i 

1,900 

87,100 

46J 

2,040 

89,400 




Fi0. SC.— Arrangement op Dischar<^b Water Piping op Six-Stage Pomps. 
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From the readings in Table II, the average value of constant K = 
0,000. Substituting in equation C® = KP, the pressure-capacity curve 
aown in Fig. 6 was prepared. Although there is a slight variation in the 
alue of constant K for different nozzle pressures, as shown in' Table II, 
lis does not appreciably affect values for gallons per minute discharge, as 
varies as the square root of K. 

Water was pumped from a 60-in. pipe-line connection from the Erie 
'anal and the 3-m. nozzle discharged into a 16-in. stand pipe back to 
inal. As the level of water in the canal was higher than the suction 



Fig. 6. — ^Pbessuek-Dischaegb CtravE pob 3-in. Nozzle an® 5-in. Ring. 


jnnection on pump, the pressure on suction varied from 2 to 6 in. of 
ercury and was measured with the mercury U-tube. (See Figs. 5A, 
3, and 5C for location of tube connection in pump suction.) 

In taking the test readings on each pump, no preliminary test runs 
ere made or readings taken, and each pump was operated before the 
sst for only a sufficient time to inspect piping and assure proper lubriea- 
on, tight glands, and true alignment. 


Test Data 

In the following tables, pumps are numbered as follows: No. 1, 16th level, 12 in., 
stage, 450 h.p.; No. 2, 16th level, 12 in., 3-stage, 450 h.p.; No. 3, 12th level, 12 in., 
stage, 1,050 h.p.; No. 4, 12th level, 12 in., 6-stage, 1,050 h.p. 

Table III gives the starting current for each pump. These were 
iken with the 12-in. discharge valve closed and the 2-in. bypass valve 
jen, which will approximate conditions of starting when installed. 
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The motors were started with their respective resistance grids and con- 
trollers. The starting duty is so light that no trouble should be expected 
with the drum controllers. 

It will be possible to start these pumps within 25 sec. without exceed- 
ing full-load current, by using a greater rate of acceleration on the first 
number of notches on the controller and a decreasing rate of acceleration 
on the last few notches, as the pump takes its load. 

Motor efficiencies and power factors for one 1,050-h.p. and one 450- 
h.p. motor were obtained by separation of losses. 

In Table IV are shown the guaranteed and obtained efficiencies and 
power factors for the two motors. 

Tables V, VT, VII, and VIII for pumps 1, 2, 3, and 4, respectively, 
give obtained data from which curve sheets (Figs. 7, 8, 9, and 10) were 
prepared, giving head-capacity curves, horse-power input curves, and 
overall efficiency curves. The pump-efficiency curves were obtained 
by dividing overall efficiency by motor efficiency. 

Test Results 

Table IX was prepared from the curve sheets to show the degree 
with which the builder’s guarantees were met. 

Motor Slip 

On pumps Nos. 3 and 4, the motor slip was measured directly by 
means of a 5-volt voltmeter connected across the slip rings, which gave 
actual values. The percentages of slip given in Tables VII and VIII are 
calculated, assuming 60-cycle power supply. Inconsistency in slip values 
is due to sHght variations in speed of the prime mover, which it was 
impossible to check within the limits of error, in the values of slip. 

Slip for pumps Nos. 1 and 2 was obtained by means of speed counter 
and tachometer and the figures are not accurate, but indicate maxi- 
mum values that can be expected. 

When in actual service, the slip for all motors will be less than any 
values given in data sheets, because of the long secondary leads used 
on test. 


Temperatures, Motors, and Bearings 

Because of the large amount of power and time required to obtain 
final full-load temperatures on motors and bearings, no attempt was 
made to obtain these readings further than those taken during test, which 
in each case covered a period of about 2 hr. 

The highest temperatures recorded at the end of test runs were in 
the end turns of stator windings given by thermometers Nos. 3 and 4. 

Table X shows maximum temperature rises above 25“ C. at end 
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Table III . — Starting Currents 


Controller 

Notches 

Pump No. 1 
Amperes 

Pump No. 2 
Amperes 

Pump No. 3 
Amperes 

Pump No. 4 
Amperes 

S 

43 

79 

150 

157 

1 

43 

49 

160 

143 

2 

47 

49 

150 

126 

3 

51 

51 

110 

110 

4 

61 

57 

110 

118 

5 

65 

53 

110 

118 

6 

67 

61 

140 

118 

7 

79 

69 

140 

118 

8 

69 

79 

140 

118 

9 

77 

79 

140 

118 

10 

79 

83 

140 1 

126 

11 

75 

84 

120 

126 

12 

89 

96 

160 

157 

13 

98 

118 

190 

197 

14 

89 

79 

150 

118 

Total time, seconds 

30 

25 

25 

30 

Full-load motor 
amperes. 

101 

101 

229 

229 


Table IV 



Loads 


i 

i 

FuU 

li 

Guaranteed efficiency, 450-h.p. motor 

86.5 

91. 

92 

92.5 

Obtained efficiency, 460-h.p. motor 

92.4 

93.9 

94 65 

94,9 

Guaranteed efficiency, 1,050-h.p. motor 

90.5 

92.5 

94. 

94. 

Obtained efficiency, 1,050-h.p. motor 

93. 

94.4 

95. 

95.2 

Guaranteed power factor, 450-h.p. motor 

Obtained power factor, 450-h.p. motor 

82. 

86.1 

88.5 

90.3 

92 

91.3 

93. 

91.5 

Guaranteed power factor, 1,050-h.p. motor. . . 
Obtained power factor, 1,050-h.p. motor 

90 

90.8 

92. 

93.2 

93.5 1 
93.3 

93.5 

93.3 


of test runs and gives an idea of what can be expected of these motors 
under continuous operation. 

Being high-speed motors, a relatively small amount of material entered 
into their construction, giving them a small thermal capacity, so that the 
above temperature rises are nearly final. The guaranteed full-load 
temperature rises for 1,050-h.p. and 460-h.p. motors is 36° C. 
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TabijB VII. — No. 3 Pump Unit for 12th Levd Station 
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Table VIII. — No. 4 Pump Unit for 12th Level Station 


A TEST OF CENTRIFUGAL MOTOE-DRIVEN PUMPS 


795 


iCouaioiga dtanj; 


itonaxoiga; JO!^OH 


iCouaioggjj 


i^ndnj dH-iO!^oiv[ 


•dH 


• oo 
w 


oo 


o o 


^ : 


ws O 


oe 300 »-iOOi-HO«ot>-t^o 
t>» !>■ O • 


i-HiHT-i.-iooooous-< 4 e 4 ua 


u 3 e 4 »tflei|T-(ooiooQt«o 

iSSSSSSBeeSS® 


lIgSaiiiiiSi 


•sss 


acooeoococ 

is3i?rj:g2 


utj^ sad enoixBQ 


isgsissifessig® 

Ot.-iSua^SicqOQOTjioooio 

coeoc<acoc<agOQoc^e^c^T^i4' 


o|zao^ 

©insfiaa:^ sSubo 


ixoaotccqooiusoot^oo 


mojc, 

'M l^+s-a 


.S^S«ooeSooS3oSJ3o 

• ^eiQOQOsaaoOf-HC4e4^c4 


a 


• Mi-srHCqiacqeocD'.^usOO 

• raO>OCQQOMCOlOO «-^^0 

• ooooaoo>9»oor-ic4o«oieaf 


2 

OS 0 ) o 






^-t>.l^ 0 O 0 p.-^ 


OOOtH 
wcxC^CQN 
U 3 »a>^UdU 3 


*d[*T: 


u3ua tc >o 
520»2a^*li 


8 


-t-o 

H rici 


coco 00 


■^t»OCSJi-H 
CO to ->i|< »o 


*'^ang pQ -ja]^ 


■HtMNCO 


oeouor^ko 

CO coco CO 


diig ^^u^o j0<j 


•§S5gS 


• f-1 .r^T-f^O »00 


•K*a:*E 


UO^OBJ IGMO^ 


«ioa»'«ia3oo*.HO*-*uai-i»-ii-ioO'f^TH 

ea ss S9 22 £2 S 2 ^ a S 2 ss fei 

CT CJ 0>CP Capj ga Qj CT O# w OP 08 OOCT O# 




'Vah 


§si§ii§i§g§i§sii 


seiddaxy 


C000C400 00OC<IOkQ«0OOO.^C4e^ 

3iiiisiisiss§3ii 


^JOA 


?2g2{S^g2]ggSg§Sg388^g8§8g8 

.-H 1— 1 1-H ■»— I ». 4 »H 1— I .H rH tH r-( T-t « 

ef« « e^efl'co ©T « « 


10 0x0^004 WBkOOUS oo QUO QO 
jgrNco»co.-trHT-ic5eoeo'^^ii5»ooeo 

Q* oa o» o» o oo o o o o o oo O r-< ..<! 

” .H 1 .^ 1 — I tH y -4 tH 1-1 tH 





HEAD AND ELECTRIC HORSE POWER HEAD AND ELECTRIC HORSE POWER 



EFFICIENCY. PER CENT EFFICIENCY, PER CENT 




EFFICIENCY, PER CENT EFFICIENCY PER CENT 




HEAD IN FEET AND ELECTRIC HORSE POWER HEAD IN FEET AND ELECTRIC HORSE POWER 


798 


A TEST OP CENTRIP0GAL MOTOE-DRIVEN PUMPS 




A TEST OP CBNTEIPUGAL MOTOE-DEIVBN PUMPS 799 



Fia. 13 . — Pump No. 3, 12th Level. 
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Table IX 



Pump 
No. 1 

Pump 
No. 2 

Pump 
No. 3 

Pump 
No 4 

At 3,000 gal. per imnute 

Obtained bead in feet 

458 

445 

1,068 j 

1,064 

Guaranteed head in feet 

412 

412 

1,000 

1,000 

Guarantee exceeded by 

46 

33 

68 ' 

1 

64 

At 412 ft. head and 1,000 ft. head, respechvdy 



1 


Obtained gallons per minute 

3,550 

3,416 

3,275 

3,250 

Guaranteed gallons per minute 

3,000 

3,000 

3,000 

3,000 

Guarantee exceeded by 

550 

415 

275 

250 

Wire to water efficiencies at 3,000 gaL 



75.0 

75.0 

Obtained eflSciencies, per cent 

74.0 

73,8 

Guaranteed efficiencies, per cent 

71.8 

71.8 

73 3 

73.3 

Guarantee exceeded by, per cent 

2.2 

2.0 

1 7 

1.7 


Table X 



Time in 
Minutes 

Temperature rise 
above 25® C. 

Average load 
in Horsepower 

1 

Pump No, 1 

150 

i 

25.5 

457 

Pump No. 2 

155 

20. 

450 

Pump No, 3 

140 

43. 

1,200 = 14.3 per cent, overload 

Pump No. 4 

75 

37.5 

1,170 = 10. 5 per cent, overload 


All bearing temperatures were below normal throughout the tests. 
The pump bearings and oil for thrusts are water cooled and, although pro- 
vision is made for the water cooling of motor bearings, no water was 
passed through the coils during the tests. 

Some difficulty was experienced in pump thrust bearings due to foam- 
ing of oil, but this was finally overcome by a rearrangement of oil piping 
and oil throwers. 


Mechanical Operation 

On test the pumps ran very quietly at all loads and the three-stage 
pumps with little vibration. Some vibration occurred in the six-stage 
pumps, because of the difficulty in holding alignment of the long cast- 
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iron bases on the steel floor plates. Absolute alignment of these pumps 
is of prime importance and their successful operation will depend more 
upon this than any other one factor. 

The curves in Figs. 11, 12, 13, and 14 have been prepared from the 
foregoing data in order to show pump characteristics at different speeds. 
With a variation in frequency of the prime movers from 66 to 66 cycles, 
a variation in pump output in gallons per minute can be obtained which 
will probably be within the limits required during normal pumping 
operations, which is at present between 3,000 and 3,260 gal. per minute. 
Because of the flat character of the speed-capacity curves shown, the 
importance of supplying a constant frequency for uniform pump output 
is clearly indicated. 

The maximum continuous output of the pumps will be limited by the 
overload capacity of motors, which will probably be 25 per cent. This 
point is indicated on the curves. 

Because of the slight difference in head-capacity curves of the three- 
stage and six-stage pumps, adjustment between pumps on 12th and 16th 
levels can be made with their discharge valves in order to pump equal 
quantities of water. 

Discussion 

K. A. Fault, Schenectady, N. Y. — have seen this installation and 
I wish all those interested in the question of electricity as a mine pumping 
agent could see it. It is not only a model for mine installation, but might 
well serve as a model for any electrically driven pumping plant. I think 
I am correct in saying that the pumps are the largest electrically operated 
centrifugal pumps in mine service in America. I talked with Mr. Rum- 
sey in Duluth just before coming here, and he told me that the actual 
tests of the equipment as installed checked very closely with the shop 
tests; that the water delivered by the pumps was slightly in excess of the 
guarantee, something like 3 or 4 per cent., and that no troubles except 
of a very minor nature had been experienced with the installation from 
the start. 

One point which has been brought out by Mr. Rumsey, and by others 
who have looked into this question, is the marked saving which can be 
made by the application of electricity to pumps, especially to the main 
sump pumps. The pumps are always located a long distance from the 
boiler plant and the losses in the steam mains are large. While many of 
the steam pumps are of a very high grade, yet the tests seemed to indi- 
cate that the steam consumption is extremely large. The reduction in 
operating cost of one small installation which I have in mind pumping 
against a head of approximately 2,000 ft. — which by the way was a re- 
ciprocating pump — ^reduced the pumping cost to the neighborhood of 
one-fifth of the previous steam cost. The high steam cost was probably 

VOL. L. — 51 
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due to leSikage in the engine and the loss in transmission in the mine, 
the pumps being located almost half a mile from the boiler plant. 

From the standpoint of the manufacturers, I can say we will be very 
glad to hear from all of the operators as to the possibilities in electric 
pumping, and the conditions which should be given particular attention, 
especially with reference to high-head installations. 

William Kelly, Vulcan, Mich. — I do not know how many here are 
interested in the subject of mine pumping. To those who are, it is an 
exceedingly important matter. The water in the mines has to have the 
first consideration, for if the pumps do not run nothing else is done. 
Where the quantity of water is considerable they are going night and 
day, Sundays and holidays. The selection of electrically driven pumps 
involves not merely a comparison between electrical pumps and steam- 
driven pumps, but there is a question also as to the type of electrically 
driven pumps — whether they should be reciprocating or centrifugal 
pumps. From the experience that has come to me it would seem as if 
each has its appropriate field. If the quantity of water is small, the 
reciprocating pump is doubtless the proper one to use, but when the 
quantity increases materially there is more of a choice and the efficiencies 
of the two t3rpes of pumps become more nearly equal. Efficiency as 
shown by a test is not always the controlling point, because tests are usu- 
ally made when the machinery is working at its full capacity, but in 
regular pumping the supply of water is usually more or less irregular. 
Under such conditions there has to be some arrangement to allow a part 
of the water to run back, or the pump has to be stopped and started, 
with an adequate place for holding the water when the pump is idle. 
Then too comes up for consideration the difference in first cost and the 
interest charge, so that in each installation of mine pumping if electricity 
is to be used the conditions must be carefully considered and will de- 
termine the type of pump to be selected. 

George S. Rice, Kttsburgh, Pa. — It has been a little difficult for 
me to get my bearings in the matter of the relative merits of the recip- 
rocating pump and the centrifugal. I made my first visit to the mining 
districts of Europe in 1908, and I was very much astonished to find 
how umversally the multistage electric-driven centrifugal pumps were 
being used at that time when they were so rarely used in mines in this 
country. I thi nk in no mines in Germany or France did I find the recip- 
rocating type. In view of the conservatism generally in England and 
in some districts visited it surprised me to find that that was the situation, 
and I had wondered why in this country our mining people, who are so 
generally advanced in the introduction of mechanical devices, had been — 
I won’t say behind, but, let us say, la gging , in view of the recent develop- 
ments in the introduction of the multistage pump. The latter seems to 
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offer such very great advantages. It is interesting to note regarding the 
Delaware, Lackawanna & Western mine water shaft in the vicinity of 
Scranton, which has automatic arrangements for lowering and reversing, 
the water tubs being in balance, and which I think was hoisting about 
10,000 gal. a minute about 450 ft., that in subsequent enlargement of the 
drainage plant they put in centrifugal pumps of larger capacity, and I 
believe ultimately expect to supplant the hoisting plant. 

In regard to the point that Mr. Kelly has brought out, that he thinks 
that where the quantity of water is am all the reciprocating pump still 
holds its own: I wonder why this situation cannot be met in mining prac- 
tice by running the centrifugal pump intermittently, and holding the 
water in sumps in the intervals, the advantage of this arrangement 
being conditioned on the greater efficiency of the multistage pump, at 
least over the old type of small mine pump. 

0. P. Hood, Pittsburgh, Pa. — One of the interesting things about 
deep mine pumping is the inertia effect of the column of water m the dis- 
charge column. On account of the heavy pulsations, the pipe hne has 
to be built so much stronger than is required by the static head of the 
w^ter that it has added largely to the cost. Now I am asking whether 
in these centrifugal pumps, where the heavy pulsations are absent, the 
operating cost of pumping is cheapened or not. 

Me. Kelly. — I cannot answer that question exactly, but it is very 
evident that with centrifugal pumps there is an absence of vibration in 
the discharge hne, which is very noticeable of course in some other pumps. 

Mr. Patjlt. — I can perhaps give a httle information in this connec- 
tion. I know that this matter has been and is being thoroughly investi- 
gated by one or more of the large valve manufacturers, one of whom told 
me a short time ago that he had a valve which looks very promising for 
eliminating a large part of the water hammer which takes place with 
high-head reciprocating pumps. However, any device of this kind 
which is subject to failure is not to be recommended. 

With reference to operating pumps intermittently, this is largely 
a question of sump capacity and is quite common practice. I know of 
one company in Michigan which operates its large pumps but 8 hr. per 
day. 

■I think the electrical manufacturers are largely responsible for the 
slowness with which electrically driven centrifugal pumps have been 
adopted in this country. However, it is to a certain extent up to the 
mining men. In Europe the mines are worked to a point where the re- 
turns are smaller per ton and every advantage must be taken of making 
savings, while in this country the mines are newer and in many cases the 
ores are richer; the original equipment installed when the mine was 
opened up is still intact, and the mining men themselves have not be- 
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come, until recently, so intensely interested in economy as is the case 
in Europe. As to the manufacturer of electrical equipments, he has been 
doing a mail-order business, so to speak, in other lines of application. The 
sale of electrical equipment to the large industrial plants has been ac- 
complished with little effort and has afforded such a wide market for 
purely standard apparatus that the electrical manufacturers have not 
until recently gone after the mining business. Further, cheap and 
reliable electric power has not until very recently been available in most 
of the camps, and the high cost of isolated plants has limited their 
installation. 

H. H. Stoek, tJrbana, 111.— Possibly an explanation of why the first 
centrifugal pumps were discredited more or less is the fact that the 
technical press was filled by oversanguine manufacturers with prophecies 
that the new form would entirely replace the reciprocating. Then a 
few accidents and failures did a great deal to take away the credit from 
the new pump. 

A most interesting hydro-electric plant is located near Clausthal, 
Germany, inside of a mine. There the water is not looked upon as a 
drawback, but the head is being used to drive electrical machinery. I 
wonder whether there are places in this country where such an arrange- 
ment would be advantageous. I 

Mb. Kelly. — When centrifugal pumps with high heads were first 
tried in this country they had not been perfected in detail. An installa- 
tion at Butte was a failure on account of serious difficulties with the 
thrust bearings, and thus the whole system came under condemnation. 
Afterward that difficulty was eliminated, and centrifugal pumps were 
greatly improved in other particffiars, but some prejudice still remains. 
Then, too, there is this, that in making tests at full capacity, the recip- 
rocating pump will show a higher efficiency, but I very much question 
whether in a very large number of the installations they are getting in 
practice the efficiency which the test at full capacity shows. In prac- 
tice the centrifugal pump, if in good order, wffi very often equal the 
general working efficiency of the other type of pump. 

W. A. Thomas, Pittsburgh, Pa. — ^There are two points that have 
not been brought out particularly clearly, and one is the fact pertaining 
to Mr, Rice’s question — ^the critical point as to head on the centrifugal 
type of pump. In the average coal-mining operation a pump is required 
which is adaptable to a wide variety of places in a mine where the heads 
may vary a great deal; care must be used in operating a centrifugal pump 
under a low head for the reason that under a half head it will tend to 
overload the motor seriously, and slightly over the head for which it is 
designed it will deliver no water at all. 

Another point; in this country the reciprocating pump manufacturers 
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have possibly made a departure which has not been made abroad, in 
getting away from steam designs for electric drive. The steam-driven 
pump would have a crank speed of 40 to 50. Some of the manufacturers 
of electric pumps have decreased the size of the plungers and increased 
the size of the valves to get a permissible water speed through the valves 
and increased the revolutions of the pump to from 65 to 75, which has 
greatly facilitated the electric drive, because of the great reduction that 
had to be made from the steam speed to the motor speed. The matter of 
efficiency is still open for discussion and will be as long as the two types 
are built, which will be perpetually. Undoubtedly the quintuplex pump 
has the highest efficiency. The quintuplex pump manufacturers will 
guarantee as much as 87 per cent, efficiency. The greater number of 
plungers in the reciprocating type of pumps tends to reduce materially 
the water hammer, and that, combined with the compression chamber, 
has to a great extent reduced the added cost of the plunger-pump installa- 
tion. Against these factors, however, is the simplicity and low cost of 
the turbine type of pump, which makes it popular where definite condi- 
tions of head and water are known, but it is difficult to get fractional 
loads, and it resolves down to the question of making a sump arrangement 
for gathering the water. 

Mr. Kelly. — The turbine pump is a pump which is particularly 
suitable for a fixed head, but can be varied as to quantity. The recip- 
rocating pump, on the other hand, can be varied greatly as to the head, 
but should have its full quantity of water — is not that true? 

Mr. Thomas. — That is true to a certain extent; but the reciprocating 
pump lends itself to by-passing to get fractional loads. With the 
centrifugal, a slight speed difference will tend to make a great quantity 
difference. 

K. V. Norris, Wilkes-Barre, Pa. — In the anthracite region, we have 
used probably every type of pump, and the centrifugal pump, we have 
found, is particularly applicable to conditions where the quantity of 
water is practically constant. With lower than the rated amount of 
water the efficiency of the centrifugal pump drops off rapidly, and it is 
necessary to run at intervals, which means supplying outfit for the 
maximum operations, and greatly adding to the cost. We still use a 
great many steam pumps in the anthracite regions. 

Me. Rice. — I would like to ask Mr. Norris a question as to the ex- 
pense when the water is acid. Under those conditions is the centrifugal 
pump more economical to use than the reciprocating? 

Me. Noeris. — do not think it is. For very acid water I know of no 
instance where a centrifugal pump is used. 

Edwin Ludlow, Lansford, Pa. — In the anthracite mines of the 
Lehigh Coal & Navigation. Co., located in the Panther Valley, in the 
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southeastetxL comer of the anthracite field, we have extremely hard 
water conditions, as our large veins, ru nn i n g from 50 to 100 ft. in thick- 
ness, standing on from 45° to a vertical pitch, cause heavy surface breaks 
all along their outcrops on both sides of the valley, and intercept all the 
flood waters during heavy rains. 

Our average pumping amounts to 25 tons of water to a ton of coal 
hoisted, and our vertical lift is from 250 to 1,000 ft. 

At nearly all of our mines, we have installed water hoists, which are 
steam driven with 42 by 64 double-cylinder engines; they are able to 
hoist during the wet season a 3,600-gal. tank a minute from our 1,000-ft. 
levels. 

At one mine, we have a drainage tunnel 4^4 long, starting from 
the Lehigh Kiver and running to our Nesquehoning shaft, intercepting it 
at the third level. 

During a severe flood, we gauged the amount of water coming out of 
this drainage tunnel and found that it was flowing at the rate of 40,000 
gal. a minute. This mine is located where the flood conditions are the 
worst. With the opening up of our mines and the letting of the water 
down to the deeper levels, the problem is becoming one of increasing cost 
each year. 

The acid contamed in the water has made it necessary to line the 
pumps and column pipes with wood, and for that reason the water hoist 
has been found the cheapest in annual upkeep. 

We have equipped several pumps recently with cement-lined working 
barrels and cement-lined columns and find that “Manheim cement” 
withstands the acid, and has proved entirely satisfactory during the 
year and a half that these pumps have been in service. 

We have also used a cement lining on slush pumps pumping the slush 
from the breakers to settling dams, and the cement has held up in that 
case. 

On account of the heavy first cost of installation for either steam- 
driven or electrically driven plunger pumps, owing to the large amount 
of space which they require under ground, we are now experimenting 
with centrifugal pumps, made of aU bronze and as acid resisting as possi- 
ble, to be used in flood times, to assist the water hoists when the rush of 
water is too great for them to handle. 

The largest of these pumps was bmlt for 3,000 gal. a minute on a 
760-ft. head and is 10-stage. It was not expected that these pumps would 
be able to maintain their eflBlciency in handling acid water if run con- 
tinuously, but as their service will be mtermittent and probably not 
continuous over a period of more than two months in a year, it was felt 
advisable to experiment with them, as the space they would require 
would reduce the first cost of installation to about one-half that required 
with plunger pumps of the same capacity. 
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Mb. Paxjlt. — would like to ask a question with reference to the 
operation of centrifugal pumps operating under variable heads at con- 
stant speed. We have recently quoted on a constant-speed motor to 
drive a centrifugal pump, and I believe the pump has been purchased, 
the head on which ranges from zero to approximately 800 ft. I have been 
endeavoring to get a line on the pump eflSciency, operated under these 
conditions, but have not been able to do so and would appreciate some 
approximate figures at varying heads. 

Me. Kellt. — It is possible to design a centrifugal pump so that the 
impellers can be changed. Impellers of a different diameter can be put 
in, which will serve to vary the capacity of the pump as to the head. 

Me. PATUiT. — This is a sinking pump to which I refer and I do not 
think that the impellers can be changed, although I am not certain of 
this. The pump has been purchased in Germany, I believe, and we know 
little concerning it except as to the limiting dimensions to which our 
motor must conform. 

S. S. Rttmset and W. F. Schwedbs, Duluth, Minn , (communication 
to the Secretary*). — ^As the two 6-stage pumps have been in operation 
since July, 1, 1914, their performance in actual service may be of interest. 

The pumps are installed on the 12th level, 965 ft. below the surface, 
as is also the Venturi meter measuring the discharge. The wattmeter 
measuring the input is located in the substation on surface, and it records 
not only the power used for pumping, but also that lost in the cable be- 
tween the substation and motors, and that consumed in lighting the 
pump station. 

In the first three columns of the accompanying table are shown the 
actual readings of the Venturi meter, the wattmeter, and pressure gauge 
in the discharge end of the pump, from which is figured the overall efiS- 
ciencies in column 4. In column 5 is shown the estimated power con- 
sumed in the cable loss and pump-station lighting, which is not charge- 
able to the pump performance. Column 6 shows the actual overall 
efficiency of pump and motor as revised in accordance with the estimated 
losses. 


Month 

Actual 
Vent. Meter 
Readings 
Total Gad. 

Total 

Input 

Kw-hr. 

Average 

Dyna- 

mic 

Head 

i 

Overall 

Effio. 

Kw-hr. in 
Cable and 

Chargeable 
to Pumps 

Net 

Effic., 

Per 

Cent. 

Time in 
Opera- 
tion 
Hr. M. 

Time 

in 

Opera- 

tion, 

Per 

Cent. 

Aver- 

age 

Gal. 

per 

Min. 

JjTv 

* 118,326.000 

523,800 

991 

70.25 

3,480 

70.70 

685 5 

92.1 

2,8761 

\ JgUSC . . . 

105,470,000 

460,805 

991 

71.15 

3,400 

71-68 

648 30 

87.2 

2,708 

i'cp.eraoer... 

08,000,000 

424,105 

991 

71.86 

3,260 

72.40 

605 20 

81.4 

2,696 

Oc:cber 

122,090,000 

543,040 

991 

69.91 

3,490 

70,34 

676 35 

90 8 

3,014 


443,886,000 

1,951,750 

991 

70.72 

13,630 

71 22 

2,614 28 

87.8 

2,830 


•Received Nov. 16, 1914. 
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Inasmuch as the 16th-level pumps had not been placed in operation 
we were unable to get a continuous supply of water for the 12th-level 
pumps; therefore, they have operated intermittently during the four 
months, and on account of the insufficiency of water have been operated 
at about 58 cycles instead of 60. 

Comparing the quantity of water indicated by the Venturi meter 
with the quantity estimated from the plunger displacement of the recip- 
rocating pumps as recorded by revolution counters, with liberal deduc- 
tions made for slip, we feel positive that the Venturi meter is registering 
between 2 and 5 per cent, less water than is actually pumped. As soon 
as possible we will calibrate the Venturi meter, which has not been 
practical up to the present time. 
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Refining Petroleum by Liquefied Sulphur Dioxide 

BY BE. L. EDELHANU, BEELIN, GERMANY 
(Pittsburgh Meeting, October, 1914^ 

Crude petroleum is a mixture of various groups of hydrocarbons and 
some bodies containing oxygen or sulphur. These constituents possess 
properties differing considerably one from another and the proportion in 
which they are contained in the crude oils is also very different. 

Owing to this complicated composition the practical use of crude 
petroleum is much restricted. 

For example, it is sometimes used as a liquid fuel. But its employ- 
ment in this way is uneconomical because various valuable qualities of the 
individual constituents are not made use of. 

The rational utilization of petroleum can only be accomplished if the 
various groups of hydrocarbons are separated. The mixture of hydro- 
carbons present in the crude oil must be split up in such a way that the 
hydrocarbons are divided into various groups having certain predominant 
characteristics and uses. To accomplish such a separation is the aim of 
the technical refining of petroleum. , 

Ordinary Refining by Distillation and Chemical 
Treatment 

Hitherto this has been accomplished by two processes, namely, frac- 
tional distillation, and chemical treatment of the distillates obtained. 

Distillation Process 

The process of distillation consists in the separation of the constituents 
of petroleum into various fractions, the boilii^ points of which lie within 
certain defined limits. The fractions so separated possess certain special 
qualities in common, which enable them to be applied for specific purposes 
in practice. For example, we have the fractions known as benzene, 
illuminating oils, heavy oils, lubricating oils, etc. 

The benzene fraction, which contains the readily volatile hydrocar- 
bons, furnishes chiefly the well-known solvents, and is now mainly used 
for producing the driving power for automobiles. 

The intermediate fractions boiling up to about 300° C. are the oils 
used for purposes of illumination. This product must comply with 
several requirements. It should not smoke, should not possess any 
unpleasant odpr, and should give abright and steady flame which does not 
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undergo unduly great alterations while burning. Now these conditions 
are only complied with by oils of certain origin, while many other oils 
do not fulfill the requirements in the least; it is therefore one of the 
special problems in refining to convert these inferior varieties into good 
burning oils. 

The heavier fractions are used as gas oil or material for Diesel motors 
and the more viscous fractions are employed as lubricants. 

For use as lubricants these fractions must possess a viscosity which 
should be retained within certain limits of temperature variation, such 
as are commonly met with in the practical use. Moreover, there must 
be no deposit of free carbon and they must be freed from components 
which at high temperature would form a deposit of char and thus diminish 
the value of the lubrication. 

Now the object of the petroleum refinery cannot be achieved by 
distillation alone. In fractional distillation it is inevitable that some 
varieties of hydrocarbons having the same boiling point will find their 
way into certain fractions, notwithstanding the fact that their chemical 
properties are distinctly dissimilar. Distillation alone is thus quite 
unsuitable. The problem to be solved is how to retain only the valuable 
hydrocarbons, and to eliminate those with undesirable or injurious 
properties. 

Refining with Sulphuric Add 

Consequently recourse has been had to the chemical treatment of 
petroleum. In this treatment splphuric acid is mainly used for the 
purpose of removing the resinous matters and certain hydrocarbons such 
as olefines. These constituents are separated out in the form of residual 
sludge — ^impurities which can be utilized in practice only with extreme 
difficulty or possibly not at all. For the removal of the aromatic 
hydrocarbons considerable quantities of sulphuric acid, sometimes in the 
state of ^^fuming acid,'' have to beused according to the proportion of these 
hydrocarbons present in the distillate and this renders the process dis- 
tinctly costly. The application of large quantities of sulphuric acid and 
especially in the state of fuming has a further drawback. It does not 
attack only the aromatic and unsaturated hydrocarbons, but also destroys 
a certain quantity of the saturated constituents. The process has .thus 
the disadvantage of still further reducing the proportion of useful hydro- 
carbons finally obtained. 

In order to avoid the drawbacks of the treatment hitherto employed, 
it is necessary to abstain from the purely chemical treatment and to 
substitute a physical method of extraction. The constituents of the 
petroleum must be treated with a solvent which dissolves the hydro- 
carbons of the unsaturated aromatic group but leaves the saturated hy- 
drocarbons undissolved. In this way the two classes of hydrocarbons 
can be separated from one another and employed in the way for which 
they are suited. 
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The most important point in the solution of this problem consisted in 
the discovery of an appropriate solvent, and finally liquefied sulphur 
dioxide was found to be the best material. This substance readily 
dissolves the unsaturated hydrocarbons, which are responsible for the 
unsatisfactory burning and odor characteristic of certain illuminating 
oils, and leaves undissolved the useful illuminating oil. Frasch at- 
tempted to achieve the same object by the application of alcohol, but 
liquefied sulphur dioxide has certain advantages which alcohol has not. 
The chief advantage, apart from cheapness, consists in the fact that 
liquefied sulphur dioxide can be readily recovered from the solution, so 
that in practice the solvent can be used again and again in a cycle of 
operations, without any appreciable loss. 

New Repining Process with Liquefied Sulphur Dioxide 

The new process makes use of this peculiar property of liquid sulphur 
dioxide. If the distillate is agitated with liquid sulphur dioxide at a 
low temperature the aromatic compounds are dissolved, but the paraffins 
and naphthalenes are unaffected. Moreover, owing to the difference in 
the specific gravity, two distinct layers are formed so that it is quite easy 
to separate them from one another. 

The process is comparatively simple. A certain quantity of the 
sulphur dioxide is added to the petroleum distillate and is dissolved. 
This addition is continued until the distillate is saturated, and, from 
that point, each added portion of sulphur dioxide dissolves the aromatic 
constituents and separates out with them as a distinct layer. Thus, 
as the treatment is continued, the distillate becomes poorer and poorer 
in aromatic hydrocarbons until ultimately a refined distillate is ob- 
tained,* which contains only a small amount of sulphur dioxide, and is 
practically free from the objectionable aromatic constituents. 

It may be observed that the nature of this operation depends to 
some extent on the temperature. With a rising temperature the solu- 
bility of the paraffin hydrocarbons and the naphthalenes — which at 
low temperatures are practically insoluble — increases rapidly; whereas 
the aromatic hydrocarbons are soluble in sulphur dioxide at all tempera- 
tures. It is therefore important that the temperature should be main- 
tained at a suitably low level, particularly in the case of distillate rich 
in aromatic hydrocarbons. The degree to which the process is affected 
by the temperature naturally depends on the nature of the material 
treated. For instance, in the case of a distillate from Borneo, which 
contained as much as 40 per cent, of aromatic hydrocarbons, treatment 
with 66 per cent, liquid sulphur dioxide at —7° C. produced no separa- 
tion; but a considerable proportion of the aromatic constituents could be 
separated at —10°. On the other hand, in the case of a Mexican dis- 
tillate, which contained only about 17 per cent, of aromatic hydrocar- 
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bons, treatment with an equal amount of liquid sulphur dioxide pro- 
duced separation even at a temperature higher than +10° C. In 
practice it is found that each distillate requires special treatment, 
according to its composition, in order to obtain the best results. 

This process, which is now being used on a large scale in the petroleum 
industry, has been worked out by the author also as a laboratory method. 
For the experiments he uses: 



1. A strong-walled graduated burette of 200 cm. contents drawn 
out pear-shape like on each end with a delivery cock protected against 
being forced out. (See Fig. 1, A.) 

2. A strong-walled cylindrical graduated vessel of about 230 cm. 
contents with a delivery cock also protected against being forced out- 
(See Fig. 1, B.) 

3. Two cooling baths for vessels 1 and 2 - The cooling bath is 
insulated on the outside by means of cork sheets and consists of two 
tin cylinders which telescope into each other concentrically- The outer 
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cylinder contains a freezing mixture, and the inner a liquid which con- 
ducts cold, preferably a distillate of illuminating oil. (See Figs. 1 and 
2, C and C'.) 

4. A flask with a graduated neck and a funnel attached to it. (See 
Fig. 3.) 

5. A sprinkling flask for liquefied sulphur dioxide, consisting of an 
evacuated double-walled Dewar vessel. (See Fig. 2, D and E.) 

To carry out the experiment, one proceeds as follows: 

The graduated burette is filled with 50 cm. of the distillate to be 
examined, and the cylindrical vessel with double the quantity of the 
distillate of liquefied sulphur dioxide. Both liquids are cooled in the 
cooling bath to —12° C. The filling of the cylindrical vessel with 
sulphur dioxide is illustrated in Fig. 2. Then the cylindrical vessel 
is connected, by means of a tight-closing cork stopper, with the burette, 
and the connection is reinforced either by copper wire or by a suitable 
clamp. Then sulphur dioxide is allowed to flow from the cylindrical 
vessel into the burette until in the lower part of the burette, after shaking, 
a permanently remaining layer is observed. Then one-third the quantity 
of the balance of sulphur dioxide is allowed to run into the burette. 
It is again cooled to —12° C., shaken, and then the lower layer is 
drawn off into a Dewar vessel. In the same manner, the remaining 
portion of the sulphur dioxide is introduced, and the sulphur dioxide 
solution is subsequently allowed to run into the same vessel. Finally, 
the non-dissolved saturated hydrocarbons remain in the burette. 

In treating high-boiling distillates, such as gas oil or lubricating oil, 
it is suflicient to allow the sulphur dioxide to escape from the two separated 
products and to establish the ratio of the two groups of hydrocarbons, 
either by direct weighing or by specific gravity. 

In treating relatively low-boiling distillates, such as benzene and 
illuminating oil, losses may be suffered if the sulphur dioxide is allowed 
to evaporate voluntarily. In order to avoid these losses it is preferable 
not to evaporate the sulphurous acid, but to absorb it in a closed vessel by 
means of an alkaline solution. In this case, one proceeds as follows: 

After the sulphur dioxide solution has been ^awn off, the burette is 
coxmected, by means of a cork stopper, with a glass vessel, and gradually 
under stirring the oil layer treated with sulphurous acid is allowed to run 
into an alkaline solution. After all the sulphurous acid has been neutralized 
and the contents of the vessel have been cooled, the stopper is opened 
and water is allowed to run in until the whole of the oil has cooled 
in the graduated part of the neck. Then the volume of the oil layer is 
determined; also the specific gravity, and from the data obtained the 
quantity of saturated hydrocarbon is established. The difference 
between this weight and the weight of the original distillate gives the 
amount of aromatic and cyclic unsaturated hydrocarbons. 
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Table I gives the results of a very large number of experiments with 
illuminating oil of various origins. Further experiments to extend this 
method also for the examination of crude oil are in the course of being 
worked out. 

Table I. — Ex'periments with llluminaUng-^%1 Distillates 


A = Specific gravity before treatment with SO2; B = specific gravity after 
treatment with SO2; G = parafiBLn- and naphthene-hydrocarbons in per cent, by 
weight; D = aromatic and cyclic unsaturated hydrocarbons in per cent, by weight. 


Origin of Petroleum 

A 

B 

C 

D 

Europe: 

Roumania: 

Bustenari 

... 0.8195 

0.8030 

75.0 

25.0 

Cimpina 

... 0 8125 

0.7968 

82 9 

17.1 

Moreni 

. . . 0 8185 

0.8050 

77.0 

23.0 

Tintea 

. . 0.8195 

0.8090 

82.5 

17.5 

Filipesti 

... 0.8104 

0.7984 

84.7 

15.3 

Policiori 

... 0.8073 

0.7955 

84.3 

15.7 

Galicia: 

Uryc2 

. . 0 8230 

0.8105 

80.6 

19 4 

Rogi 

. . 0.8120 

0.8010 

81.3 

18.7 

Tustanovice 

... 0.8105 

0.8000 

80.8 

19.2 

Boryslaw 

... 0 8166 

0.8028 

83.1 

16 9 

Germany: 

Wietze 

. . 0 8200 

0.8098 

87.4 

12.6 

Pechelbronn 

... 0.8058 

0.7992 

92.3 

7.7 

Scotland 

. 0.800 

0.7815 

78.3 

21.7 

Scotland 

. 0.7915 

0.7807 

80.4 

19 6 

Italy 

... 0.8030 

0.7902 

64.7 

35.3 

Asia: 

Russia: 

Bibi-Eybat (Baku) 

... 0.8160 

0.8085 

92.7 

7.3 

Bibi-Eybat (Baku) 

... 0.8145 

0.8092 

91.7 

8.3 

Balachany (Baku) 

. . . 0 8192 

0.8150 

93.1 

6.9 

Grossny 

. 0.8170 

0.8072 

85.6 

4.4 

Grossny ' 

. .. 0.8155 

0.8062 

83.4 

16.6 

Maikopp 

... 0.8165 

0.800 

71.5 

28.5 

British India: 

Burmah 

... 0.814 

0.799 

80.7 

19.3 

Burmah 

... 0.817 

0.800 

80.1 

19,9 

Burmah 

... 0.840 

0.8265 

83.2 

16.8 

Persia 

... 0.7988 

0.7862 

83.2 

16.8 

HolL India: 

Borneo 

... 0.8480 

0.8035 

58.6 

43.4 

Borneo 

. . . 0.8505 

0.8090 

55.5 

44.5 

Sumatra 

. . . 0.7994 

0.7865 

83.8 

16.2 

America: 

United States: 

Pennsylvania 

... 0.7960 

0.7920 

93.5 

6.5 

Ohio 

.. 0.7990 

0.7926 

95.1 

4.9 

Ohio 

... 0.7985 

0.7892 

90.9 

9.1 



BEMNING PETEOLBTJM BY LIQUEFIED SULPHUB DIOXIDE 815 


Texas 


.... 0.8240 

0.816 

87.5 

12.5 

California 


. .. 0.8098 

0.7982 

85.0 

15.0 

California 


.. 0.8100 

0.803 

90 5 

9.5 

California. . . . 


0.8124 

0.8015 

81.8 

18.2 

California, . 


. . . 0.8190 

0.8112 

80,8 

19.2 

California 


0.8195 

0 8084 

81.4 

18.6 

California. . . 


.. . 0.8194 

0.8112 

85.6 , 

14.4 

Mexico 


. ... 0.8020 

0.7926 

84.0 

16.0 

Mexico 



.... 0.8030 

0.7930 

83.9 

16.1 

Mexico 


0.8082 

0.7972 

82,9 

13.1 

Peru: 

Lobitos 

. . , 

. 0.8174 

0.807 

81.8 

18.2 

Lobitos 


0.8175 

0.8122 

89.5 

10.5 

Argentina 


0.800 

0.793 

90.7 

9.3 

Argentina 


. ... 0.810 

0.804 

90.4 

9.6 

Apmca: 

Egypt 


. ... 0.8104 

0.7976 

82.5 

17.5 


Table II . — Comparison of the Qualities of Illuminating Oils Obtained by 
the Ordinary and by the Edeleanu Process 


Uluminating Power 


Origin 


Refining 

Process 


Specific Photometric Measurements at each Hour with the 
Gravity Kosmos Burner 14. Illuminating Power in Hefner Units 





0 

1 

2 

3 

4 

5 

6 

7 

8 

Bustenari. . . . 

Ordinary process. . . 

0.818 

7.2 

7.1 

7.1 

7.2 

7.1 

7.1 

7.1 

6.7 

6.7 


SOi process 

0.803 

13.8 

13.3 

13.2 

13.2 

13.2 

13.0 

12.8 

12.5 

12.4 

C4mpina ..... 

Ordinary process. . 

0.812 

10.4 

loa 

10.1 

9.9 

9.9 

9.9 

9.9 

9.9 

9.9 


SOi process 

0.797 

15.7 

15.5 

15.3 

15.3 

15.3 

14.9 

14.3 

14.3 

13.5 

Moreni 

Ordinary process.. . 

0.818 

7.3 

6.7 

6 4 

6.3 

5.6 

5.6 

6.6 

5.3 

5,1 


SOs process 

0.805 

13.5 

12.8 

11.8 

11.2 

11.2 

11.2 

10.9 

10 8 

10.8 

Tustanovice . 

Ordinary process. . . 

0.799 

13.8 

13.7 

13.1 

13.1 

12.9 

12.9 

12.4 

12.0 

11.7 


SOa process. 

0.786 

17.2 

17.2 

16.7 

16.0 

15.5 

15.0 

14.4 

14.0 

13.7 

Grossny 

Ordinary process. . . 

0.815 

10.0 

10.0 

9.9 

9.8 

9.8 

9.6 

9.2 

9.1 

8.9 


SOi process 

0.806 

15.4 

16.0 

14.7 

14.3 

13.9 

12.8 

12.4 

12.1 

11.8 

California . . . 

Ordinary process.. . 

0.810 

9.4 

9.1 

8 9 

8.6 

8.4 

8.2 

8.1 

8.1 

8.1 


SOs process 

0.798 

14.7 

14.3 

13.9 

13.5 

13.2 

13.0 

12.8 

12.8 

12.6 

Peru 

Ordinary process. . . 

0.817 

11.2 

10.7 

10.4 

9 9 

9.6 

9.4 

9.2 

8.9 

8.9 


SOs process 

0.807 

14.3 

13.8 

13 6 

13.6 

13.5 

13.5 

13.2 

12.6 

12.1 


Qualities of Illuminating Oil Brands Sold on the Market 


0.7915 

14.3 

14.1 

13.9 

13.5 

' 

12.9 

12.8 

11.6 

10.1 

9.9 

0.7995 

12.8 

12.2 

11.9 

11.8 

11.2 

11.0 

10.2 

9.7 

9.2 

0.8087 

11.1 

10.8 

10.8 

10.6 

10.6 

1 

10.6 1 

10 2 

10.0 

9.9 


Pennsylvania W. W 
Pennsylvania St. W . 
Bakou Meteor 
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The removal of the aromatic hydrocarbons from an illuminating-oil 
distillate causes not only a lowering of the specific gravity, but also the 
raising of the burning capacity and illuminating power. The richer a 
distillate is in aromatic and heavy hydrocarbons, the more distinctly 
stands out the improvement brought about by treatment with sulphurous 
3,cid. The effect of the new process is clearly discerned when treating a 
Bustenari distillate. Whereas the chemical process hitherto employed 
produces a very inferior illuminating oil which smokes badly, and when 
burned in a 14-unit Cosmos burner develops only 7 cp., the treatment with 
liquid sulphur dioxide produces an oil equal in quality to the best American 
md Russian oils. 

Table II illustrates the action of the old and new methods respectively 
3n distillates of various origin. See also the graphical comparison in 
Fig. 4. 

Utilization of By-Products 

The extract obtained in addition to illuminating oil contains, as 
mentioned, aromatic hydrocarbons and hydrocarbons rich in carbon. 
On account of their low burning capacity, they cannot be employed as 
burning oils; nevertheless, by dividing the extract into two products by 
redistillation, they become useful; the lighter part as turpentine sub- 
stitutes or mixed with light benzene as a motor spirit of high efficiency, 
and the heavier as motor oil for Diesel motors. The extract is, therefore, 
a-s regards the possibility of turning it to account, at least equally as 
v^aluable as the distillate. 

Table III . — Comparison of Tar Extract and Coal Tar 


Average Composition of 

Composition of Tar Extract Coal Tar according to 

* Prof. Kramer 


No. 

Limits of 
Temperature j 
® Celsius 

Density 
at 16“ C 

Products of 
Distillation 

Per Cent. 
Calculated 
for Tar 

1 

1 

Products of 
Distillation 

1 

Per Gent. 

1 

80^—113® 

0.8700 

Benjsene, toluene 

13.3 

Benzene et Homol 

2.50 

2 

113®— 140'^ 

0.8700 

Little toluene 


Phenols 

2.00 




with much xylene 

9.1 

Residue 

0.25 

3 

140”— 250' 

0.9870 

f a. Naphthalene 
\ h, Hydrocarb. 

8.7 ! 

i 

Naphthalene 

Heavy oil 

.6.00 

20.00 




arom. liquids. . . 

23.7 

Anthracene, Phe- 





0 . Anthracene 


nantrene 

2.00 

4 

260” — 400” 



crude 

1.0 






6. Anthracene 


Asphalt ! 

38,00 




oil... 

20.0 



5 

above 400” 


[ Residue 

21.2 

Coke 

24.00 


' 


Loss 

3.0 

Water 

4.00 


VOL. L. — 52 
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Purther experiments have shown that the extract can be resolved by 
special means into the lower homologues of the aromatic hydrocarbons. 
By pyrogenic distillation the hydrocarbons contained in the extract are 
split up; and, besides a gaseous part, a large percentage of tar is pro- 
duced. The latter is distinguished from tar derived from coal by its 
higher content of the lower members of the aromatic series of hydro- 
carbons. 

Table III shows the products of gasification (pyrogenic distillation) 
of the extract as compared with other bituminous substances. 

While coal tar hardly contains 2.6 per cent, of aromatic hydrocarbons, 
the tar produced by pyrogenic distillation of petroleum contains between 
15 to 23 per cent. 

Among the fractions of this tar which distill above 200° a large 
quantity of naphthalene is found, which varies between 5 and 12 per 
cent., and of anthracene varying between 0.5 and 2.7 per cent. 

The benzene which one obtains after the first redistillation of this 
tar is much purer than that which one obtains under the same conditions 
by redistilling coal tar. This result appears from Table IV, which shows 
comparatively the composition of benzene obtained by the first redis- 
tillation of tar from the extract (treatment with dioxide of sulphur), 
and that of the type of benzene used in commerce. 


Table IV . — Composition of Commercial Brands of Benzene 


Commercial Benzene 

Benzeae from Extract 
80°— 113'' C. 

Limits of Temperature, 

30 Per 

50 Per 

90 Per 

Limits of Tempera- 

Per 

® Celsius 

Cent. 

Cent. 

Cent. 

ture ° Celsius 

Cent. 

SO® 

0 

0 

25 

85° 

0.0 

90° 

2 

4 

70 

90° 

13.4 

95° 

12 

26 

83 

95° 

48.0 

100° 

30 

50 

90 

100° 

74.0 

105° 

42 

62 

94 

105° 

88.0 

110° 

70 

71 

97 

110° 

96.0 

115° 

82 

82 

! 98 

115° 

98.0 

120° 

90 

90 

99 

o 

O 

99.0 


As it appears from this table, the fraction of 80° to 103° which one ob- 
tains by the pyrogenic distillation of the petroleum extract corresponds 
to an intermediate quality which ranges between the 50 per cent, type 
and the 90 per cent, type, as sold in the market, and such as is obtained 
from coal tar by means of several redistillations. It must also be remem- 
bered that the benzene obtained by the pyrogenic treatment of the 
extract and of other products of petroleum is totally free from thioohen 
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and contains few impurities. By means of a little soda it is obtained 
perfectly pure. 

Effect of Process on Distillates Containing Sulphur 

It is further to be noted that the liquid sulphur dioxide also possesses 
the property of dissolving out from crude distillates certain sulphur- 
containing constituents. For instance, by treating a Mexican distillate 
of 0.803 specific gravity and with a sulphur content of 0.6 per cent, an 
oil is obtained which shows a percentage of sulphur of only 0.08 per cent, 
and another oil of 0.79 specific gravity, with a sulphur content of 0.46, 
could be reduced to a percentage of sulphur of 0.04. 

The process was first tested in a small experimental plant in the 
Vega refinery at Ploesti. 

The results obtained with this small experimental plant were en- 
tirely satisfactory and shortly afterward the construction of the neces- 
sary plant for carrying out the process on a large scale was undertaken 
by the firm of A. Borsig, of Tegel (Berlin). A refining plant was next 
installed in Rouen, and was followed soon after by the construction of a 
plant of similar size in Ploesti. The capacity of the plant at Ploesti, 
originally intended to treat up to 26 tons of distillate per day, was 
soon increased to 70 tons a day and the products are giving every 
satisfaction. 

These trials were considered to demonstrate completely the practica- 
bility of the process on a large scale. One of the largest and most in- 
fluential petroleum concerns has since ordered a plant with a daily 
capacity of 250 tons, and already an increase to 500 tons is being con- 
templated. There are now other large plants in course of construction 
for Galicia, Roumania, Borneo, India, etc. 

The following is a description of the treatment of a Roumanian 
distillate from Bustenari: 

The dried distillate to be treated passes through filters charged 
with salt, is collected in a receiver, and finally reaches the distillation 
cooler after going through a cold-exchanging apparatus. The tempera- 
ture of the distillate is first lowered in the cold-exchanging apparatus, 
and it is then further cooled in the distillation cooler itseK until it reaches 
the desired low temperature. Similarly, the liquid sulphur dioxide 
coming from the vessel passes through a second cold-exchanging ap- 
paratus, where its temperature is reduced somewhat, and from thence 
to the sulphur dioxide cooler itself, where it receives the necessary final 
cooling. The arrangement is shown in Fig. 5. 

The distillate to about —10® C. is now let into the lower mixer, 
a cylindrical vessel which is provided with level gauges, and in its lower 
part with gaugeglasses, so that the reactionin^he liquid may be accurately 
observed. 
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The introduction of the liquid sulphur dioxide into the mixer begins 
immediately. The sulphur dioxide is at first entirely absorbed by the 
distillate, without any appreciable change of the liquid. As soon as the 
distillate is saturated with the liquid sulphur dioxide, dark cloud masses 
begin to rise, and the color changes suddenly to a deep brown. This 
change of color is brought about by the separating out of the liquid sulphur 
dioxide loaded with the aromatic hydrocarbons, and depositing at the 
bottom of the mixer. There are now two sharply divided layers which can 
be distinctly observed through the level gauges. As soon as there is a 
certain quantity of extract formed, the drawing-off commences; at the 
same time further quantities of liquid sulphur dioxide are supplied to the 
mixer. 

The extract is drawn by the extract pump through the cold-exchang- 
ing apparatus into the extract evaporator. In the cold-exchanging 
apparatus it meets the comparatively warm distillate fiowing to the dis- 
tillation cooler (as described above), by which its temperature is consider- 
ably raised. In this way the distillate receives a preliminary cooling and 
the extract a preliminary warming. The latter is then further warmed 
in the extract evaiporator, which is provided with heating coils. This 
causes the rapid evaporation of the dissolved sulphur dioxide which flows 
directly into a condenser, where it accumulates in the form of a liquid; it 
is then stored in the reservoir, from whence it commences its cycle afresh. 

As soon as the greater part of the sulphur dioxide contained in the 
extract has been driven off, the evaporation is gradually brought to a 
stop. The final remaining portion of the sulphur dioxide is held very 
tenaciously by the extract, and cannot be driven off merely by the appli- 
cation of heat. In order to prepare the extract evaporator for a fresh 
charge, the extract with its still remaining small content of sulphur 
dioxide is run into an auxiliary evaporator. Here, the balance of the 
sulphur dioxide is drawn off by a sulphur dioxide gas pump under con- 
tinuous application of heat, and sent to the condenser. This is continued 
until about 0.3 per cent, still remains in the extract, when the latter is 
removed from the auxiliary evaporator. 

The refined product is pumped through the second cold-exchanging 
apparatus into the second evaporator. It meets in the cold-exchanging 
apparatus the liquid sulphur dioxide flowing from the tank to the cooler, 
and is raised to practically the same temperature. In this way the liquid 
sulphur dioxide receives a preliminary cooling (just as in the case of the 
distillate). The refined product is then collected in the evaporator and 
undergoes a similar process of evaporation as the extract. By means of 
heat and continued suction the sulphur dioxide is almost completely re- 
moved, only about 0.1 or 0.2 per cent, remaining; at which stage the re- 
fined-produet evaporator is emptied. 

The treated distillate, after being washed and neutralised with an 
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,lkaline solution, may be used as finished illuminating oil. In some cases 
ubsequent treatment with very small quantities of sulphur dioxide is 
-dvantageous in order to obtain a “water-white” color. 

The exhaust steam from the steam engine which drives the plant is 
itilized for the heating of the evaporators. 

While the evaporating process is still going on in the extract evaporator 
i new operation takes place, a freshly cooled distillate being admitted to 
ihe mixer and saturated with liquid sulphur dioxide, until again fresh 
juantities of extract settle out. By this time the evaporation in the 
extract evaporator is also finished and the apparatus emptied, so that the 
lew operation is able to proceed without interruption. 

The cooling of the distillate and sulphur dioxide collected in the two 
jooling vessels is effected in the usual manner with the help of cooling 
soils, which form a part of a separately working cooling machine. The 
jold-producing medium enters the cooling tubes as a liquid, evaporates on 
iceount of the continuous low pressure produced by the suction of the 
sompressor of the cooling machine, and abstracts from its surroundings, 
i. e., the distillate and Kquid sulphur dioxide, the heat required for its 
svaporation. The vapor of this cooling medium is afterward sucked up 
ly the compressor and led to the condenser of the cooling machine, where 
t is again collected in liquid form. 

The method of working is shown graphically in Fig. 6. In this 
liagram it is shown how fresh distillate is continuously entering the 
system, and how it finally leaves the system split up into refined product 
ind extract, and how the sulphur dioxide, which effects the splitting up, is 
"ecovered with the exception of a very small quantity, and is then used 
igain for the process, making a complete cycle. It may also be seen that 
jf the distillate put into the system nothing is lost; the products treated, 
m., the volume of extract and the refined product, together are equal 
n volume to that of the original distillates. 

As the sulphur dioxide performs a complete cycle, it cannot, when 
snee entering the system in a pure and anhydrous condition, give rise 
io any undesirable complications. It is weU known that liquid sulphur 
iioxide is quite inactive toward metals, so that there is no fear of the 
apparatus becoming injured or destroyed in the course of time. 

However, great care must be taken that no moisture is introduced 
nto the system "with the distillate. The latter should, therefore, as 
nentioned above, pass through several drying filters before it enters the 
ipparatus, so that aU the moisture may be removed. Inasmuch as the 
ystem is perfectly airtight throughout, there is of course no possibility 
if moisture from the atmosphere penetrating into it. 

The fact that the whole of the apparatus, pipes, valves, etc., are 
ompletely airtight is responsible for the fact that scarcely the faintest 
mell of sulphur dioxide is perceived in the plant. This is of the greatest 
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importance for the welfare of the workmen who are in attendance at the 
plant. 



Eefined product Extract 

(77* from the distiUate) (23« from the dtetiUate) 


Fig. 6. — ^Plan os’ the Edeibantt Pbocess. 

The arrangement of the plant is such that from the operator’s plat- 
form the coolers which are placed high and the evaporators which are 
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below, as well as the mixer in the center, may be watched and attended 
to. As can be seen in Fig. 7, all the important pipes with their con- 
trol valves are placed on a regulating table, so that the operator in 
charge of the refining process can take care of all the necessary regu- 
lating and connecting manipulations without leaving his place of 
observation. 

Working Results 

The working results of a plant with an average daily capacity of 
treating about 65 tons of distillate per 24 hr., as were reached in the 
plant at Ploesti, are given in the following table: 


Specific gravity of the crude distillate to be treated 0 . 820 

Average time of operation, minutes 68 

Quantity of distillate treated at each operation, kilograms . 3,115 

Temperature in the mixer, degrees centigrade —10 

Specific gravity of treated product 0.8028 

Specific gravity of extract 0.8691 

Sulphurous acid left in the treated product, per cent 0.16 

Sulphurous acid left in the extract, per cent 0.36 

Consumption of fresh steam per operation, kilograms 1,200 

Consumption of fresh steam per 1,000 kg. distillate, kilo-. 

grams 385 

Consumption of exhaust steam per operation, kilograms. , . 648 

Consumption of exhaust steam per 1,000 kg. distillate, cubic 

meters 208 

Cooling water used per operation, cubic meters 17.1 

Cooling water used per 1,000 kg. distillate, cubic meters.. . 5.6 

Loss of sulphurous acid per operation, kilograms 17.5 

Loss of sulphurous acid per 1,000 kg. (distillate), kilograms. 5 . 6 


From the above figures, the cost of treating a Roumanian Bustenari 
distillate can be calculated as follows: 

Cost of Treatment in a Plant of 65 Tons Daily Capacity 

Cost of Plant* Erancs 

Machines and apparatus 130,000 

Buildings, construction, freight, duty and other expenses. 100,000 

Total 230,000 

Amortization and Interest: Francs 

Amortization =* 10 per cent, of 130,000 13,000 

Amortization = 5 per cent, of 100,000 5,000 

Interest on the invested capital *= 6 per cent, of 230,000 11,500 

Total 29,500 

In 326 working days, at 65 tons per day, there will be 21,126 tons 
treated, so that the amortization and interest amount to 
Frs. 1,396 per ton, or per 100 kg Frs. 0.140 



Exhanst 
from tlie 



Fia 7 . — ^Diagbah of Regulating Table in Appabatus Room. 
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Maintenance^ Labor , etc,: Francs 

Repairs, working materials 6,000 

Wages and salaries 8,000 

Insurance, li per cent 3,450 

Lighting and Seating 2,400 

Drying salt, unforeseen expenses 3,000 


Total 22,850 


The cost of maintenance and labor, therefore, amount to Frs. 1.082 

per ton, or per 100 kg Frs. 0.108 

Cost of Materials: 

There are required for each 1,000 kg. of distillate: Francs 

385 kg. fresh steam at Frs. 3.50 per ton 1.35 

208 kg. exhaust steam at Frs. 1.50 per ton 0.31 

5.5 cu. m. cooling water at Frs. 0.04 per cubic meter — 0.22 

5.6 kg. sulphurous acid at Frs. 18 00 per 100 kg 1.01 

^ 

Cost of materials per 1,000 kg 2.89 

Cost of materials per 100 kg Frs. 0.289 


The total costs of treatment, therefore, amount to Frs. 0 537 


or practically Frs. 0.54 per 100 kg. of distillate or 3.9 shillings per ton. It must also 
be taken into account that Frs. 18 per 100 kg. of sulphurous acid is a very high figure 
and refers to imported sulphurous acid. The cost of this material is very much lower 
when sulphurous acid is used which is produced in the country itself, or actually in 
the refinery. 


Cost of Treatment in a Plant of 600 Tons Daily Capacity 


Cost of Plant: Francs 

Machines and apparatus 1,100,000 

Buildings, construction, etc 600,000 


Total 1,600,000 


Amortization and Interest: Francs 

Amortization = 10 per cent, of Frs. 1,100,000 110,000 

Amortization « 6 per cent, of Frs. 500,000 25,000 

Interest on the invested 

capital 5 per cent, of Frs. 1,600,000 80,000 

Total r 215,000 

In 325 working days, at 500 tons per day, there will be produced 
162,500 tons, so that the amortization and interest amount to 
Frs. 1.323 per ton, or per 100 kg Prs. 0.132 
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Maintenance^ Labors etc,: Francs 

Repairs, working materials 40,000 

Wages and salaries 30,000 

Insurance, per cent 24,000 

Lighting and heating. 10,000 

Drying salt, unforeseen expenses 20,000 


Total 124,000 


Brought forward 0.132 

The cost of maintenance and labor, therefore, amount to Frs. 0.763 

per ton, or per 100 kg 0.076 

Cost of Materials: Francs 

There are required for each 1,000 kg. of distillate: 

385 kg. fresh steam at Frs. 3.50 per ton 1.35 

208 kg. exhaust steam at Frs. 1.50 per ton 0.31 

5.5 cu. m. cooling water at Frs. 0.04 per cubic meter. . . 0.22 

5.6 kg. sulphurous acid at Frs. 10.00 per 100 kg 0.56 


Cost of materials per 1,000 kg 2.44 

Cost of materials per 100 kg 0.244 


The total cost of treatment Frs. 0.452 


or roughly, Frs. 0.45 per 100 kg. of distillate or 3.26 shillings per ton. In this 
case, the cost of sulphurous acid is taken at Frs. 10 per 100 kg., sulphurous acid 
produced on the spot being reckoned. The cost of production is amply estimated 
throughout. 

The above tables are based on figures actually obtained from the 
existing plants. It is, however, to be anticipated that with further 
perfection of the working of the process the costs will be reduced even 
more. 

In conclusion it may be well to summarize some of the chief advantages 
of this new process. ' 

(1) The process makes it possible to obtain illuminating oil of good 
quality from the greatest variety of low-grade oils. 

(2) The sulphur dioxide employed is cheap and practically all of it 
is recovered. 

(3) Sulphur dioxide required for the process can even be obtained 
from the acid sludge available in the refinery in the manufacture of 
lubricating oils. 

Discussion 

F. W. Bushong, Pittsburgh, Pa. — ^This process of extraction is 
particularly advantageous in the case of Roumanian oil, on account of its 
high aromatic content. I have prepared a paper, which will appear 
probably next month in the Journal of Industrial and Engineering 
Chemistry, describing a series of two-degree fractions of oil from the 
Nowata field in Oklahoma. I have made extractions with liquid sulphur 
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dioxide in accordance with Dr. Edeleanu’s method, and found that the 
Oklahoma oils, for instance the kerosene fractions, are purified in this 
way, although the quantity taken out does not at all compare with 
that taken out of the Roumanian oil. I have made careful analyses 
of separate fractions, before and after extraction, and they show a very 
distinct fractional separation. I like the distinction brought out by Dr. 
Day in previous discussions, in regard to oils, rather than oil, and his 
beautiful illustration of fractionation. Just as fuller’s earth, and other 
clays, will enable us to obtain lower-boUing fractional portions of the 
oils, and eventually retain a residuum which is hard to get rid of, or to 
remove, so there is an advantage to be gained by the use of a reagent 
which begins at the other end by taking out these last constituents first, 
namely, ozone. I have also analyzed the ozonides and they are deriva- 
tives of hydrocarbons very much poorer in hydrogen than we have 
heretofore supposed. Similar results have been obtained with Rouma- 
nian, Russian, and Italian petroleums. Furthermore, I have prepared 
ozonides from a fraction of Oklahoma oils, both before and after ex- 
traction with hquid sulphur dioxide, and found that the ozonide obtained 
from the extract is the same as that precipitated out of the original oils. 
In other words, the residual substance, which the fuUer’s earth retains, 
is the one first thrown down by the use of ozone, but it may also be ex- 
tracted by liquid sulphur dioxide and be thus separated in apparently 
unaltered condition. The analysis of this extract corresponds to the 
formula CijH2o, which is surprising, since it is lower in hydrogen content 
than we have been in the habit of considering among the constituents of 
our oils. The extract was probably contaminated with other hydro- 
carbons, but I think it is unquestionable that we must look for hydro- 
carbons in petroleum which correspond to a formula at least as low 
in hydrogen as C15H20, and possibly even as low as CuHie. 
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The Capillary Concentration of Gas and Oil 

BT C. W. ■WASBBtrRSTB, ■WASHINGTON, D. C. 

(Pittsburgh Meeting, October, 1914) 

Fohmee studies of sedimentary strata have been based upon the 
mineralogical and mechanical characters of the solid components, rather 
than upon the open spaces between them. For present purposes let us 
take another point of view, and consider not the rock material, but 
rather its cavities, the pores £<nd the fissures or cleaved joints which 
connect with them. Let us think of the geologic column not as a series 
of rocks, but as a mass of irregular connecting capillaries. Different 
parts of the column may be distinguished by the absolute size and by 
the relative amount of its open spaces. 

Porosity 

Each stratum of the column is characterized by a certain porosity, 
which would be independent of the size of the rock grains if all were of 
the same shape. Slichter has shown that the percentage of open space 
in a pile of equal spheres is practically constant regardless of the di- 
ameter of the spheres. This is approximately true of clean, assorted 
sand or gravel, but it is far from being the case with most natural sedi- 
ments, which have a widely variable porosity, the magnitude of which 
is determined mainly by the amount of fine and of secondary mateiial 
between the larger grains. The shape of the grains materially affects 
porosity, round grains leaving more open space than angular or flat 
grains. The thin plates of kaolin and the fine plastic matter of clay fit 
quite perfectly when pressed together, and it is probably this close fit, 
determined by shape of grain, rather than the small size of grain, that 
causes the low porosity of ordinary clay shale. 

The best-assorted, least-cemented sediments are the most porous. 
The porosity of even a very fine-grained rock may exceed 10 per cent, if 
the grains are fairly uniform and discrete as in the so-called “oil shale” 
discovered by Woodruff in the Green Eiver formation of western Colorado 
and Utah. The rock has the megascopic appearance of a tough cemented 
shale, but it is really a consolidated calcareous mud or fine marl, com- 
posed of discrete, angular microscopic grains of calcite, with solid and 
Kquid hydrocarbons in the interstices. The pores of this rock probably 



830 THE CAPHiLART CONCENTRATION OF GAS AND OIL 

are not large enough to be charged with oil by the method of capillary 
concentration described below, which moreover operates only in wet 
rocks, but they are much more efficient channels for migration than 
the pores of clay shale. If the rocks were dry, as they now are, 
at least near the surface, the fine pores of the limey layers would rob oil 
from fissures by capillary action, and thereby create the so-called oil 
shale of western Colorado. It is possible, also, that the hydrocarbons 
represent organic matter that was buried with the calcareous mud, and 
are therefore analogous in origin to the Scotch oil shale. The latter, 
however, contains no liquid oil until it has been heated in the retorts, 
and it occurs in a region where there are no oil seeps. The rarity of oil 
shales and their general absence from oil fields suggest an origin of their 
hydrocarbon content different from that of oil, or else that there is some 
process operating in oil regions which has destroyed pre-existing oil shales 
and which has concentrated the oil in the sands and fissures. The same 
reasoning shows that the porosity of a stratum can have no relation to the 
concentration of oil except in a passive way, being only a measure of the 
maximum reservoir capacity of the stratum. 

Capillarity 

Each stratum of the geologic column is characterized not only by a 
certain porosity but also by a certain average pore diameter, which may 
differ greatly from the average pore diameters of adjacent strata. The 
size of the capillaries varies approximately as the grain of the rock, being 
greatest in conglomerates and very coarse sands, and least in clay shales. 
Liquids are drawn into these pores by the force of capillary action, which 
varies directly as the surface tension of the liquid and inversely as the 
diameter of the pore. Crude oils probably have only about one-third 
the surface tension of water, and hence only about one-third of the 
capillary power. 

Lord Raleigh^ found that a water-air surface has a tension of 75.6 
dynes per centimeter at 0® C. and of 72.8 dynes at 20° C. Somewhat lower 
values are given in recent tables, 73.21 dynes at 0° and 70.60 dynes at 
20°.^ A salty water, such as that commonly found in oil fields, having 
a density of 1.14 at 20° C., would have a surface tension of about 79 dynes 
per centimeter.® 

'^Philosophical Magazine^ 1890; similar results hy 'EjaXL^ Philosophical Magazine, 
1893. 

^ Landolph-BCmsteitt-Meyerhoffer tables, quoted by Miiller-Pouillet, Lehrhuch der 
P hysik, 10th ed., vol. iii, pp. 277 to 308 (1907). These are the same as the values foimd 
by Mbrgan and Stevenson, Journal of the American Chemical Society ^ vol. xxx, pp. 
360 to 375 (March, 1908). 

® Approximate calculation of the density of solutions may be made by the use of 
the Smithsonian Physical Tables^ 4th ed., p. 91, and with this the surface tension may 



THE CAPILLAEY CONCENTRATION OE GAS AND OIL 


831 


No determinations of the surface tensions of crude oil have been 
found in the literature examined. The writer obtained a value of 24.1 
dynes per centimeter at 20° C. by the capillary method, using Pennsyl- 
vania crude oil (specific gravity, 0.862). Muller and Pouillet* quote a 
value of 26.4 dynes at 25° C. for a (presumably refined) petroleum having 
a specific gravity of 0.847. Magie found a tension of 25.9 dsmes at 20° 
C. on petroleum (refined?). Quincke® using a refined oil of 0.7977 
specific gravity obtained a tension of 29.7 dynes on the oil-air surface and 
28.9 dynes on the water-oil surface, -both determined at 20° C. 

It is highly probable that the molecular attractions produce a con- 
centration of the fractions of lowest surface tension in the molecular 
“film” at an oil-air surface, and hence that the surface tension of 
crude oils is much less than would be expected from their specific gravities. 
For the same reason only pure material can be used in determining the 
surface tension of individual hydrocarbons even approximately. Some 
of these have been calculated by the writer from the values of the cap- 
illary constant a determined by Bartoli and Stracciati® and are given 
below. Evidently the old statement repeated in many text books,^ that 
the addition of CHa does not change the surface tenaon, is not true 
for hydrocarbons, although it appears to hold for alcohols. 


Capillary Constants of the Paraffin Series 


Substance 

(Normal) 

Tempera- 

ture, 

Centi- 

grade 

a 

(a) 

Surface 

Tension 

Q>) 

Substance 

(Normal) 

Tempera- 

ture, 

Centi- 

grade 

ct 

(a) 

Surface 

Tension 

(&) 

CsHia 

11,0 

1.635 

16,0 

CiiHai 

14.0 

2.688 

26.4 

CeHu 

11.0 

2.038 

20.0 

CiaHae 

12.8 

2.781 

27.2 

C 7 H 16 

12. 0‘ 

2,399 

23.5 

CisHas 

14.0 

2.848 

27.9 

GtHu 

12.0 

2.387 

23.4 


13.0 

2.915 

28.7 

CsHis 

' 11.0 

2,477 

24.3 

CisHsa 

13.3 

2.997 

29.4 

C^Hjo 

14.0 

2.538 

24.9 

C«H84 

14.0 

3.041 

29.8 

CioHa* 

13.0 

2.629 

25.8 






(a) Milligrams per millimeter. 

(&) Dynes per centimeter, calculated from (a). 


At the end of this list there is an unfilled gap up to melted paraffin 


be estimated hromYollanann’s table, Wiedemann Annalen, vol. xvii, p. 353: Smiths 
sonian Physical Tables, No. 142, p. 128. 

* Loe. oU. 

* Poggendorff Annalen, vol. czsdx, and PhUosopMccd, Magazine, 1871, as corrected 
by Wortbington, PhUosopMcal Magazine, vol. xx (1885). See Gray, Smithsonian 
Physical Tables, 4tb ed., p. 129 (1908). Wortbington regards Quincke's values as 
too bigb. 

* En^er, Das ErdSl, vob i, table 22, p, 91, 

r Wilbelmy, Poggeridorff Annalen, vol. cxxi, p. 44 (1864). Jones, Elements of 
Physical Chemistry, p. 139 (1902). 
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which, has a surface tension of 30.56 dynes at 54® C.® The surface ten- 
sion of solid hydrocarbons, paraffin, asphalt, etc., must be very much 
higher, but small bodies of these, colloidal or other, would not affect 
the surface tension of crude oil. The unsaturated hydrocarbons appear 
to have a higher surface tension than the corresponding members of the 
methane series,® but if there is any of the latter in a crude oil it probably 
will determine the surface tension of the mixture. In general it follows 
from the Gibbs-Thompson law, that the hydrocarbons of lowest surface 
tension^ will tend to be concentrated' at an oil-air surface, suflBlciently to 
lower greatly its tension. Hence it is probable that all crude oils have 
low surface tension, probably in the neighborhood of 25 dynes, except 
only the oils that have lost all of their light constituents, which are of 
no consequence in problems of deep migration. It is unfortunate that 
these deductions must be based on theory. The need of accurate ex- 
perimental work is very great. 

Capillary Concentration 

Since water has about three times the surface tension of crude oil, 
capillary action must exert about three times as much pull upon it. The 
amoimt of the capillary pull varies inversely as the diameter of a pore. 
Hence the constant tendency of capillarity is to draw water, rather than 
oil, into the finest openings, displacing any gas or oil in the latter. Gas 
itself is not drawn into capillaries by the action of surface tension, and 
it can leave the fine pores without any capillary resistance. It is therefore 
the most quickly and the most completely gathered in the largest spaces 
available. Moreover, capillarity resists any movement of water from 
fine toward large pores more than it resists the movement of oil or gas 
in that direction. In short, water enters fine capillaries about three 
times as readily as oil, and it encounters about three times as much 
capillary resistance in leaving them. 

The final result of this action must be the concentration of nearly 
all the gas and oil in the openings having least capillary power, namely, 
in fissures if present, and in the larger rock pores. This appears to be a 
general rule in oil fields, where the pores of the coarser-grained rocks 
contain practically all of the oil, while the pores of the adjacent fine- 
grained rocks contain practically no oil. Any slow flow between shale 
and sand would bring about the concentration of oil and gas in the sand, 
and in the absence of such independent movements it is possible that 

* Landolph-BSmstein-Meyerhoff^ tables, Mifiler-PouiUet, Lekrhuck der PhysiJc, 
vol. iii, p. 277 (10th ed.). 

• Hexane has a surface tension of 20 dynes at 11® C. (Schiff); benzene, 28.3 at 
11® C. (average of various authorities, except Morgan and Stephenson, who found a 
tension of 29.38 dynes at 22.5® C. or 30.5 at ll® 'C.)j benzole has a surface tension of 
29.86 dynes at 12.5® C. (L.-B.-M. tables) or 30 dynes at 11® C. 
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capillarity alone would drag enough water into the shales to displace 
most of the gas and oil. However there is no need to place such a 
heavy burden upon capillarity, since independent flows would almost 
certainly be created by the differences of pressure or head arising during 
the deformation and subsequent erosion of the strata, besides the general 
upward slow flow of the rock fluids that is indicated by the fact that the 
observed downward increase in pressure is greater than the correspond- 
ing hydrostatic head. Any of these movements of the rock fluid would 
concentrate gas and oil in the sands, regardless as to whether the 
movements are continuous across the sands or oscillating, because cap- 
illarity pulls water out of sand into shale with greater force than it exerts 
on gas and oil, and because capillarity offers greater resistance to the 
passage of water from shale into sand than it offers to gas and oil. The 
recognition of this principle is the first step in the clarification of the 
local lithologic distribution of gas and oil. 

In dry rocks there could be no capillary concentration of oil. In the 
absence of water, oil would be drawn into the finest pores and would 
be widely diffused. It is probable, however, that the pores of all clay 
shales contain abundant free water, in addition to the adsorbed mois- 
ture, except in dry regions near the ground surface. A rock like the so- 
called oil-shale of western Colorado and Utah might conceivably be formed 
by the capillary impregnation of layers of fine porous limestone by oil 
which ascended through fissures into the dry rocks near the surface. 
Since the pores of the limy layers are as fine as those in shale the 
bituminous layers could not be formed by capillary concentration in 
wet rocks. On the other hand productive deposits of oil and of gas, which 
are limited strictly to coarse-grained rocks and fissures, cannot be formed 
in the complete absence of water, nor if formed could they long exist in 
dry rocks, because they would be destroyed by capillary diffusion into the 
finer pores. 

There is both an upper and a lower limit to the diameters of pores in 
which capillary action can take place. The capillary action of pure water 
is nil in tubes over 0.508 mm. diameter, and in smooth fissures over 
0.254 mm. wide. Openings larger than this exert no attraction on 
water, and when present they are the most favored loci of the capillary 
concentration of oil and gas, because water is the most effectively re- 
moved from them. Capillary action of an average crude oil is nil in 
tubes over 0.2 mm. diarneter and in fissures over 0.1 mm. wide, yet open- 
ings of this class are favored in the concentration of oil, because water 
is the controlling medium, and it is drawn into the finer openings with 
about three times the capillary force of oil, which tends to be left behind 
in the larger openings. The water tends to displace the gas and oil in 
the smaller openings, shoving them into the bigger spaces. 
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It is usually placed at 0.0002 mm. for tubes and at 0.0001 mm. for plane 
fissures. Owing to the great friction in such small openings, the rate of 
flow is almost negligible,'-® and there is little need to consider their cap- 
illary action. According to theory, capillary action must cease when a 
pore becomes so small that there is not room for two or more molecules 
of water to pass through it together, that is, in the case of a fissure when 
its width becomes less than twice the radius of the sphere of molecular 
action. Quincke^^ finds that the range of molecular attraction of water 
is about 0.00005 mm. This indicates that the minimum diameter of 
capillary openings is 0.0001 mm. for fissures, and probably twice as much 
or 0.0002 mm. for tubes. 

Capillary Pressure 

The maximum theoretical pressures developed by capillary action 
are those developed in the finest tubes in which capillary action is 
possible. Johnston and Adams'® have calculated these capillary pres- 
sures for the temperatures prevailing at various depths, but they prob- 
ably err in extending their calculations to tubes as fine as 0.00001 mm. 
(0.01 micron), which gives 20 times the theoretical maximum pressures. 
The work of Quincke and of Lord Raleigh shows that there can be no 
capillary action in such small tubes. Accepting the assumptions of 
Johnston and Adams, and the minimum diameter of 0.0002 mm. for 
tubes, the maximum capillary pressures developed by pure water will 
have the values shown in the following table. The capillary pressures 
of a salt water such as that common in oil fields, would exceed these 
values by about 5 per cent. 

Approximate Maximum Capillary Pressures 
Diameter of Pores, 0.0002 mm. (0.2 n ) , 

Temperature Gradient, 1° C. per 30 m. 


Depth, 

Pressure, 

Depth, 

Pressure, 

Atmospheres 

Meters 

Atmospheres 

Meters 

100 

15,0 

2,000 

12.1 

200 

14.6 

5,000 

7.8 

500 

14.1 

10,000 

1.0 

1,000 

13.6 

20,000 

0.0 


Assuming a temperature gradient of 1° C. per 30 ra., as in the pre- 
ceding table, it is evident that capillary action loses about half of its 
force at a depth of 5,000 m. Since the heat increases more rapidly down- 
ward in many oil fields, it is probable that the capillary force decreases 
half at depths of 3,000 or 4,000 meters, below which it becomes prac- 

See calculations by Johnston and Adams, Journal of Geology, vol. xxii, pp. 
1 to 16 (1914). 

" Poggendorff Anncdm, vol. oxxxvii, p. 402. 

“ hoc. cit. 



THE CAPILLARY CONCENTRATION OE GAS AND OIL 


835 


tically ineffective. Moreover the surface tensions of all but the lightest 
hydrocarbons decrease much less rapidly than that of water for each 
increment of temperature, so that the surface tension of water does not 
have such great excess over that of oil at these depths. Hence it is 
probable that the capillary concentration of oil and gas must all be ef- 
fected within 4,000 or 5,000 meters of the ground surface. Oil in deeper 
strata must remain diffused in the shales, if that were its original dis- 
tribution, unless it was concentrated in the sands at some former period 
when the strata concerned were closer to the surface. 

It will be observed from the preceding table that even the maximum 
capillary pressures are wholly inadequate to account for the high pressures 
in oil and gas fields. Nor is it probable that capillarity contributes any- 
thing to the total pressure on a body of oil or gas, since the capillary pres- 
sure operates in the opposite direction, i.e., toward the finer pores and is 
really a pull from the larger pores, or a negative pressure. It would de- 
crease the pressure of the collected oil in the sand were it not for the 
return of fresh oil and gas displaced from the shale, which nearly counter- 
balances the partial vacuum that capillarity tends to make. Therefore 
it is necessary to abandon previous assumptions that capillary action 
may contribute to the high pressures in oil fields, the mysterious source 
of which must be sought elsewhere. 

Possibly the high pressure is an effect of the upward migration of the 
rock fluids (mostly water, nitrogen and methane) which are subjected to 
outward pressures of deep-seated origin. If we accept the plausible 
assumption that the rock pores and fine fissures are continuous, and that 
they extend downward to the zone of rock flowage, it is apparent that 
this deep coimection would cause the abyssal gases and liquids to press 
upon those above, raising their pressure above the normal hydrostatic 
pressure, and tending to crowd them toward the surface. An impercep- 
tible outward translation of the rock fluids en masse would be suflS.cient 
to explain the excess pressures in oil fields. The capillary penetration 
of the abyssal fluids need not approach the base of the sedimentary 
strata to account for the increased pressure in sands far above them. 
However, there are some phenomena such as the excess temperature in oil 
sands, the excess of chlorine in oil-field waters, and the great amount 
of helium and argon in natural gas,^® which suggest that the upward 
migration in oil regions may be more extensive than the excess pressure 
would seem to require, and that possibly some fluids of abyssal origin 
may be penetrating far through the sedimentary strata.^* 

H6fer, Temperature in Oil Eegions, Economic Geology, vol. vii, No. 6, pp. 536 to 
541 (September, 1912). 

Washbume, Chlorides in Oil-Field Waters, Trans., xlviii, 687 (1914). 

“ Cady and McFarland, University Geological Survey of Kansas, vol. ix (1908). 

Moreau and Lepage argue the abyssal origin of the nitrogen and associated rare 
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Time 

In tubes approaching the minimum capillary diameter the rate of 
flow from capillary action would be negligible. But in pores of 0.001 
mm. diameter, which is of the same order of magnitude as the inter- 
granular pores in shale, the capillary movement of water would be 
about 15 X 10-“ e.c. per year.‘^ In a rock containing 10 per cent, of 
pore space, this would result in a flow of about 15 c.e. across each square 
centimeter per year. Probably half of this amount, or about 7 c.c. per 
square centimeter per year, corresponds more closely to the factors of 
flow imposed by the porosity of ordinary clay shale. This amount of 
flow seems quite adequate to produce capillary concentration in a geo- 
logical period, but not in short time. In 10,000 years the movement, if 
continuous, would amount to 700 m. However the movement would 
not be continuous, but would vary in direction, with the changes in pore 
diameter, etc., and only small distances could be traversed directly by 
capillary pull. The actual amount of capillary movement required 
rarely would exceed a few meters, since most shales are cut by fine fis- 
sures, in which the oil would first be collected by capillary exchange 
for water. In big shale formations the fine capillary fissures probably 
gather the oil from its original disseminated distribution in the shale, 
and pass it on to the coarser joints and pores of the sandstones. The 
fine fissures of shale offer much less resistance to the flow of oil than the 
rock itself, through which the flow need be only that required to reach 
a fissure. Under the principles here advanced, the capillary flow of oil 
in wet rocks should tend always toward the larger openings. 

Moreover, it is not necessary to assume that all of the movement in 
the pores is due to capillarity. Doubtless there are other slow motions 
of the underground fluids arising from various causes. Any motions of 
the rock fluids, whether continuous or intermittent, direct or reversed, or 
oscillating, would assist in the concentration of oil and gas in the larger 
openings, because water always would enter the finer capillaries with 
greater ease than oil or gas and would leave them with greater difliculty. 
The more to-and-fro movement of these fluids between shale and sand- 
stone, or between shale and fissures, the more perfect will be the capillary 
concentration of oil and gas in the sands and fissures. 

A factor which tends to increase the perfection of this concentration 
is found in the behavior of water vapor, which is evaporated from sud- 
faces of large curvature at the same time that it is condensed upon 
surfaces of sharp curvature. In this way water is passed from the coarse 
pores of sandstone, and from fissures, to the fine pores of shale. The 

gases in coal mines and in thermal springs. Academy of Sdence, Paris (Mar. 23, 1914) J 
abstract in Beoiie Sdentifigue, 52/' ann4e, p. 442 (1914). 

Johnston and Adams, loc. dt., p. 14. 
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vapor transfer will begin as soon as capillary concentration has partly 
filled the sand with gas, and thereafter it will supplement that process. 
This may explain the dryness of natural gas. 

Extended Application. Dry Sands 

Capillary concentration must operate on any of the gases present in 
the rock pores. These consist of nitrogen (which commonly is dis- 
tinguished from atmospheric nitrogen by its relatively high content of 
argon and helium), of methane, and of carbon dioxide. Oxygen prob- 
ably does not occur in the deep gases except in rare traces, and samples 
containing it probably are contaminated with air. The capillary con- 
centration of nitrogen in sands is exemplified by the great nitrogen well 
of North Dakota, and by the gas of the western fields of Kansas, which 
in places contains over 80 per cent, of nitrogen that is notably rich in 
argon and helium. Gases rich in carbon dioxide are rare, outside of 
California, and the disappearance of the great quantities of this gas 
which would be formed by the decomposition of organic matter, is an 
unexplained difficulty of the organic theories. All of these principal 
rock gases are concentrated in the coarser pores by capillary action. 

Capillary concentration does not of itself produce pressure. Many of 
the deep sands of the Appalachian and other regions are apparently dry, 
yet they do not contain enough gas under pressure to cause much es- 
cape when they are penetrated by the drill. Doubtless the sands were 
once full of the water in which they were deposited, but now they ab- 
sorb some of the water used in drilling. Their dryness may be explained 
by the process of capillary concentration, as well as in other ways. 

The process should operate effectively in all sands in which there 
is no very active supply of water, but not in sands like the Dakota of 
most Western localities, where there is an artesian circulation that would 
overcome the capillary withdrawal of water. In sands of this type the 
process would be effective only in places which are protected from rapid 
water circulation by structural peculiarities or other causes. 

Weakening of Water “Films" 

There are two main elements of possible weakness in the preceding 
hypothesis: First, the weakening of the capillary force of water by con- 
tamination with oil, and second, the high resistance of bubbles to cap- 
illary flow. A thin film of oil or other greasy substance, amounting to 
only an invisible trace, greatly lowers the tension of a water-gas surface, 
reducing it almost to that of an oil-gas surface. However, there is 
considerable tension on the water-oil surface, which in the case of light 

Quincke found a tension of 28.9 dynes per centimeter on a smfaoe separating 
water and petroleum. Poggendorff Annalen, vol. cxxxix, as corrected by Worthington, 
PhUotophicdl Magazine, vol. xx (1885). 
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oils, is nearly equal to the tension on an oil-gas surface. In a capillary 
tube the water-oil surface is concave toward the oil. In other words, a 
water-oil surface exhibits the same capillary phenomena as a water-air 
surface, the difference being only one of degree. The capillary force of 
a water-oil surface is decreased very little by the slight angle of contact 
of the surface with the pore walls, and it amounts approximately to one- 
third that of a water-air surface. Hence the capillary behavior of water 
and oil is nearly the same as that of water and air, and there is a constant 
tendency for water to be pulled into fine capillaries previously occupied 
by oil. This tendency is demonstrated experimentally by the familiar 
damage to a lamp flame produced by a little water at the bottom of the 
lamp's reservoir. If the wick touches the water, the latter rises through 
the capillaries previously filled with oil, makes the flame splutter, and 
often extinguishes the light. In the same way water will pass from the 
coarse spaces of sand or from fissures into the fine capillaries of shale, 
displacing the oil, which is thereby forced into the sand through neigh- 
boring larger pores. Thus, the weakening of the water-gas surfaces by 
contamination with oil, is counterbalanced in part by the capillary 
action of the water-oil surfaces. 

Effect of Capillary Gas Bubbles 

The second element of possible weakness in the hypothesis lies in the 
high resistance to liquid flow offered by bubbles of gas and by drops of 
an immiscible liquid. If a fine capillary tube be filled with water con- 
taining bubbles of air, so that the bubbles are strung along the tube in 
alternation with drops of water, a pressure difference of over one atmos- 
phere is required to produce flow in the tube. The various water-air 
films appear to cling rather tenaciously to the walls, and each seems to 
take up a part of the external pressure by a slight change of curvature. 
The action of the pressure is analogous to a vertical pull or push on a 
horizontal weighted cable supported at the ends. A certain amount 
of energy must be expended in lifting or depressing the central part of the 
cable, and in changing its form of curvature, before its terminal supports 
are affected. A series of drops of oil or of gas in water, is divided by twice 
as many eaten oidal films," stretched across the capillary, among which 
the applied pressure is distributed, so that the total resistance of a long 
series of such drops in a fine tube is very high. 

Rock pores, however, are not single tubes, but the most irregular 
passages between the grains of rock, having countless lateral and longi- 
tudinal connections by means of which many of the little water bodies 
communicate with each other. They become single bodies as regards 
their tensional forces, which tend so to draw them together as to reduce 
the total area of their surfaces. The minute bodies of oil and of gas have 
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a similar tendency when connected in any way, however devious. All the 
drops and bubbles of the three fluids must grow into larger, more com- 
pact, bodies. Thus a condition of many small alternating bubbles of 
gas and drops of liquid could not exist very long in the rock pores, and 
they could offer only temporary resistance to capillary flow. 

Geologists sometimes appeal to hypothetical emulsions as a means 
for the migration of oil. This is wrong. For the reasons stated above 
minute bodies of oil can have only temporary existence when compared 
with the long time required for geological processes. Surface tension 
will soon destroy an emulsion of water and petroleum, and moreover the 
high viscosity of emulsions would prevent their migration through fine 
pores. There is no reason for believing in the existence of any natural 
oil emulsions before the final rush of the oil and water out of the rock 
pores into an open well. 

The Antidinal Theory 

The r61e of capillarity in producing the anticlinal distribution of oil 
requires consideration. 

Whenever light oil touches a water-air surface, it is immediately 
spread over the surface and retained by surface tension. A heavy oil is 
retained with nearly equal strength, but after spreading a molecular film 
of its lightest elements over the surface of the water, it gathers itself into 
a drop, or remains as an irregular thick mass. If a bubble of gas rising 
through water touches a globule of oil the two immediately unite, and 
the oil forms a thin continuous shell about the gas bubble. Johnson 
has suggested that this process may explain the accumulation of oil at 
the top of water-soaked anticlines, the oil having been lifted bit by bit 
on bubbles of gas. 

The theory is plausible and better than the old assumption that the 
difference in density between water and oil caused particles of oil to rise 
to the highest saturated parts of sands. It should be noted, however, 
that the volume of gas required is many times (probably 100 times) 
the volume of the oil which it could lift in this way; also that small 
masses, such as bubbles or. drops, do not have sufficient defect in weight 
to be forced upward through fine pores. Before gravity can move them 
it is necessary for the globules of oil and gas to be united into larger masses 
by surface tension as described above. Not until then can the lifting 
force on a body of gas or oil be sufficient to cause its ascent. 

It is probable that very large bodies of oil must be gathered before 
they displace sufficient water to receive a pressure competent to force 
them upward against the friction of irregular rock pores. A very simple 
demonstration of this fact may be made. Take a basin of water, and 
with a pipette or fountain-pen filler squeeze drops of oil against the bot- 
tom and sides of the vessel. It will be observed that most of the drops 
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cling persistently to the vessel and do not rise through the water. The 
force holding them is not surface tension because the same surface energy 
prevails when the drops are free. Gravity does not dislodge the drops, 
which can be dislodged only by stirring the water or by tapping the vessel. 
The force holding the drops is merely the friction of contact, yet if 
one of the same drops was spread out in the pores of an ordinary oil 
sand, the area of solid contact and therefore the external friction would 
be from 50 to 200 times greater. The gravitative lifting force on each 
drop would be the same as in the open vessel, and conclusively it could 
not move the drop of oil against the greater friction in the pores of 
a sandstone. This confirms the contention of Munn that gravity is 
not competent to cause the accumulation of oil above water in 
anticlines, etc. 

The following working hypothesis is suggested to explain the common 
anticlinal distribution of oil.^® First, the oil and gas must be gathered 
in the sands by capillary concentration. Second, the oil and gas must 
be segregated by the effects of surface tension into bodies large enough to 
be lifted by gravity, i.6., into bodies so large that the difference between 
their weight and that of the displaced water is suflScient to drive them 
upward through the pores of the sand. Whether the volumes of such 
bodies would be a few liters or many cubic meters is a point requiring 
further study, but they are certainly of much higher order of magnitude 
than the drops of oil of the preceding experiment. 

It is improbable that surface tension can gather oil into bodies large 
enough for the preceding requirement. Therefore a third process or 
stage is now postulated. Gas rises through water-saturated sand prob- 
ably 300 to 500 times as readily as oil.*® This may account for the 
fact that the tendency of gas fields toward anticlinal distribution- is 
much stronger than that of oil fields. It is therefore much easier to 
assume that gravity can collect gas at the top of anticlines than it is to 
assume the less probable condition that it can lift oil through the rock 
pores to a similar position. 

After a small reservoir of gas has been started at the crest of an anti- 
cline, then whenever circulatory or migratory movements of the water 
body bring a particle or mass of gas or oil in touch with the water-gas 
surface, the gas or oil can never descend. They will be held on the water- 
gas surface by its tension. The oil will first make a film along the top of 
the water, and any oil which is brought in contact with this film must 


Other working hypotheses are under consideration. 

This approxiniation is based on the fact that the lifting force of water displace- 
ment applied on a given volume of gas would be about 7 times the lifting force on the 
same volume of oil, combined with the moderate assumption that oil would suffer from 
40 to 70 times as much frictional resistance as gas. Data fbr exact calculation are not 
at hand. 
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join it. In this way a deposit of oil will be formed between the water 
and the gas, and neither the ascent of the oil nor its larger lateral collect- 
ing movement in the sand need be the result of its low specific gravity. 
Any movement of the water in the sand, which would in time bring the 
various parts of the water in contact with its upper surface, would carry 
bodies of oil of all sizes to the water-gas surface, where surface tension 
would retain them permanently. 

As an example, imagine a slow lateral migration of the water in a 
gently folded sand. Such slow migration has probably occurred in many 
oil sands, because of the commonly evident differences of head. Gravity 
would cause the accumulation of gas in the sealed arches, and these ac- 
cumulations would not be destroyed if the sand be thick and if the flow 
of water be very slow. On the contrary, the transported accessions of gas 
would increase the deposit. Because of surface tension, the transported 
masses of oil would cling to thewater-gas surface whenever they touched it, 
and later contributions would cling to the water-oil surface. Thus an 
anticlinal deposit of oil would be formed without the intervention of 
gravity except in the initial collection of an anticlinal body of gas. 

These principles hold generally under any theory of the origin of oil. 
The process of capillary concentration is especially required by the or- 
ganic theory, under which it is necessary to postulate an originally dis- 
seminated distribution of the oil in shale or limestone. Supporters of the 
organic theory may claim that the present absence of oil in the pores of 
shale adjacent to the oil sands is due to its removal by capillary action. 
Under the inorganic hypothesis it is not necessary, as a rule, to assume 
that the oil ever has entered the fine pores of shale. Its entire migration 
may have been in fissures and sands, and it may never have been widely 
disseminated. All of these possibilities must be considered until someone 
shall find satisfactory evidence concerning the organic or inorganic origin 
of oil. 

Conclusion 

The final condition of capillary stability under which the rock fluids 
come to rest is not an equilibrium of pressure, but rather a condition of 
minimum surface energy. Balanced pressures would be secured by the 
occupation of the finest openings by gas and oil and of the coarsest by 
water. Capillarity, however, does not operate in this way. It seeks 
only to reduce the surface energy to a minimum by the shortest route, 
which consists in the destruction of emulsions, the union of bubbles and 
of drops of like substances, and in the movement of the substance of 
highest surface tension (water) into the finest capillaries. 

Capillary concentration gathers gas and oil in the coarsest spaces 
available; In fissures and super-capillary spaces when present; in con- 
glomerates or coarse layers in sandstone; in sandstone layers in shale; in 
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dolomitie and cavernous parts of limestone. It cannot operate in dry 
rocks. 

Surface tension collects the small bodies of gas and oil in a sand into 
larger bodies, which in the case of gas are capable of gravitative displace- 
ment by water, and are lifted to the highest position they can reach. 
When circulatory or other movements of the water bring occluded masses 
of oil in contact with the water-gas surface, the oil is held firmly on the 
surface by its tension. In this way a deposit of oil is gathered at the top 
of the water-bearing part of the sand. In the absence of these conditions, 
oil could accumulate below water, as it does in some fields. 

The capiUary concentration of oil and gas in sands and fissures is an 
essential requirement of the organic theories, which postulate that oil was 
originally disseminated in shales and limestones. It is not essential to 
the inorganic theories, under which the phenomena of concentration are 
capable of independent explanation, but the principles stated are thought 
to hold true for all oils in porous rock, regardless of their origin. 

Discussion 

Roswell H. Johnson, Pittsburgh, Pa. — ^It seems to me rather im- 
portant to bear in mind one thing which is sometimes lost sight of, that 
the marine sedimentary rocks are laid down in water. We have to start 
with an initial charge of water. That being so, and the surface tension 
between the water and the oil being as slight as it is, as referred to by 
Mr. Washburne, the phenomena of capillarity are bound to be most 
important as between the liquid surface and the gas surface. So far 
as the liquid-gas surface is concerned, capillarity, in my opinion, is of 
the utmost importance, and it seems to me this paper of Mr. Wash- 
bume’s is of great value to us for that reason. Starting out as we have, 
with our attention concentrated upon gravitational sorting, we have had 
to wait for the discussion of movement furnished by Munn, and this 
discussion of capillarity by Washburne, for a more balanced view of the 
situation. It seems to me that in the accumulation of oil and gas we 
have a problem of the interworking of gravitational sorting, capillarity, 
viscosity, immiscibility, and movement. All five things seem to me to 
be important. I would have expected Mr. Washburne to have given a 
fuller treatment of the relation of movement to capillarity. In my own 
experiments I find that gravitation and capillarity alone seem remarkably 
impotent when everything is at rest, but if I furnish a little movement, 
gravitation and capillarity step in and accomplish a great many results 
that one would not expect. Take a horizontal tube and fill a portion at 
the middle with an ordinary sand saturated with oil, and then put water 
and sand in each end, and the tube may remain at rest a very long time 
without that oil distributing itself along the top of the tube. But with a 
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little motion that oil will gradually work up to the upper side. So gravi- 
tation and capillarity alone are rather impotent unless they get this 
element of movement. It would not be necessary to have very extensive 
movement, but some degree of movement is essential. 

Now if natural gas, in addition to the method of origin by the action 
of bacteria on organic matter in mud, may also arise by pressure at great 
depth, as the overburden is added, a great deal of motion may result. 
I think more motion is produced in this way than by the descent of mete- 
oric waters. 

The author, I think very properly, calls attention to the fact that 
acceptance of the rdle of capillarity still leaves us using the anticline and 
the structure contour in prospecting. It seems to me very important 
that gas men should realize that their relation to the anticlinal guidance 
is on a different basis from that of the oil man. If anticlinal prospecting 
has a certain degree of validity for oil, it has a far higher degree of 
validity for gas, so that the absolute necessity for gas men takmg into 
consideration the anticlinal structure seems to me very important. 

When I wrote the article referred to by Mr. Washburne, I was 
skeptical for the reasons given as to whether the difference between 
oil-gas and water-gas surfaces in surface tension could be of much 
importance. Yet, having observed in the laboratory how a drop of gas 
in water becomes so quickly surrounded by oil if there is any oil at hand, 
and strongly believing in the great importance of capillarity as between 
fluid and gas, a method by which capillarity would indirectly affect oil was 
suggested. 

There is another practical consideration in prospectmg that depends 
upon this theoretical question. Does oil arise in sand or in shale? 
These views indicate very strongly ia my mind that there is no longer 
that necessity for its arising in the sand that we have had pressed upon us 
by some authors, particularly English. If the oil has to be indigenous 
in sand, the best section for our prospecting would be one with a maximum 
of it. We should have a large percentage of sand contributing to our 
ideal section. On the contrary, our best oil fields alwajrs have a great 
preponderance of shale, with merely interpolated beds of sand. 

D. T. Dat, Washington, D. C. — I think it is perfectly clear that the 
study of Mr. Washburne, concerning the accumulation of oil by capillarity 
in the earth, views the matter somewhat as a wick connecting that oil 
with something else: Oil will flow through and accumulate at the other 
end of the wick. But such an accumulation would not develop any 
particular pressure. Mr. Washburne has hardly laid stress enough on 
the very great pressure which may result where the oil has been driven 
out of a shale by the superior capillary force of water. In that way a very 
great pr^ure can be obtained. 
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Mr. Washburne’s paper, following a great deal of practical work that 
has been done by a number of persons, including myself, is a very long 
theoretical step in advance, which will serve the particular purpose of 
clearing the atmosphere and developing a theory which will be easy for 
others to think of and to apply practically. It will stimulate a great deal 
of practical experimentation, I hope. 

I object to the way in which he has used the expression “friction” in 
his paper in several places. This idea of friction seems to be more 
exactly adhesion, than friction, which we must think of as always a 
function of motion. It is a function varying with the speed with which 
particles are moved; when the speed is zero, friction is zero. The average 
geologist forgets that he speaks of friction where the motion is infinitely 
slow and friction cannot exist. 

This paper also should receive a modification, I think, in your minds 
in this way. The geologist is not necessarily a chemist, and the geologist 
wiU consider oil as oil. There is no such thing as oil. You must think 
of oils. And the very first thing that happens in the migration of oil 
through the earth is practically always a change in the character of the 
oil itself. That offers complications to this theoretical consideration. 
It also simplifies the matter, inasmuch as by the careful chemical study 
of these oils one can derive a great deal of information as to where the oil 
has been, and its relation to the other oils nearby. The study of earth 
movements of oils is going to be very much simplified by determining 
the differences in oils adjacent to each other. For example, in about 
1896 it was my privilege to determine for the first time, I believe, that 
mineral oils can be changed in composition by diffusion through rocks, 
especially shales. 

By taking a Pennsylvania oil, and carefully filtering it until it was a 
perfectly clear liquid, but still crude oil, I absorbed it in dry clay, prac- 
tically such a plastic clay as fuller’s earth. Shale from the region of 
Titusville, Pa., was also effective. The clay was then shaken up with 
water. Water drove out most of the oil but not all. It did not drive 
out the oil that went in, but it drove out different oils. Is that perfectly 
clear? You drive out some oil if you put in an amount of water equal 
to the volume of clay. If you put in more water, you will drive out more 
oil, but when you are through, oil will be left in the clay that cannot 
be driven out by the water. I do not say that in geological time we 
might not drive out every particle of that off, but I do not believe so, and 
we have no proof that we can. If, instead of clay, you take finely pow- 
dered glass and absorb the oil with that, and treat that with water, you 
get nearly all the oil out in the same condition in which it went in. Two 
features are essential to the discussion of this matter: Mr. Washbume’s 
article considers oil and space, no matter what the wall of the space is; 
the chemical nature of that wall is not considered. Neither is one oil 
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considered as different from any other oil. Oil is oil. Those two things 
are fatal for a complete discussion of the theory of this subject, because 
one oil will work in one way, and another oil will work entirely in another 
way. In the first place, the kind of surface of the capillary tube exerts 
an important influence other than simply on the rate of capillary move- 
ment. That is shown best in this way : Suppose you allow an oil to be 
soaked up by a clay. Now add water and examine the oil that comes out, 
and examine the oil that is left in the clay. There are means by which 
you can get it out, but not by simple addition of water to it. Take those 
two oils. What are they? If you determine what proportion of the 
oil that went in was made up of unsaturated hydrocarbons, and determine 
the proportion of unsaturated hydrocarbons in the oil driven out by the 
water, you will find that the oil driven out by means of water has a much 
less percentage of unsaturated hydrocarbons in it. If you go further 
and take the clay, from which all the oil that is possible has been driven 
by water, and try to dissolve out the oil with gasoline, some more of the 
oil can be dissolved out, but not all of it. By adding ether, some of that oil 
which is perfectly soluble in ether can be taken out. But ether will not 
take out all the oil which was perfectly soluble in ether before it was 
absorbed in the clay. Go one step further aaid try benzol. That will 
drive out some more, but not all of it. And as far as I have gone, I do 
not know of anything in the way of a solvent that will extract all of 
that oil out of the clay, although the oil was perfectly soluble before. 

That just indicates that very possibly some of those shales which are 
supposed not to have any oil in them, because it cannot be extracted by 
the ordinary solvents, but only by destructive distillation, may still 
have oil there as such, in the same condition as the oil which has gone 
into a clay and cannot be brought out by means of any ordinary solvent. 
In other words, from the evidence of some 2,000 experiments carried on 
in this study by myself, it is perfectly evident that so soon as an oil con- 
taining mixtures of saturated and unsaturated hydrocarbons goes into 
a clay (not powdered glass, but clay) the capillary surfaces of clay act 
differently in respect to different oils. As soon as an oil goes into clay 
fractionation takes place. The unsaturated hydrocarbons cling to the 
surface of these capillaries and will not go on. The saturated hydro- 
carbons, interdissolved at first with the unsaturated hydrocarbons, go 
farther and pull away from the unsaturated material in solution with 
them. That holding back of a material by a surface has received a 
particular term that is not at all explanatory. It is simply naming 
that property as adsorption — not absorption. That word “adsorption” 
is used by Mr. Washburne here apparently meaning absorption, the two 
being confused by himself, or possibly by the printer. By adsorption 
these things can Wng back. We have a familiar example of that in the 
manufacture of lake dyes. If an analine dye is dissolved in water and 
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alum added, a clear solution of the analine dye and alum in water results. 
That dye will remain dissolved indefinitely. But as soon as ammonia 
is added, aluminum hydroxide is formed, which takes hold of the dye 
and leaves an absolutely clear water solution again, the dye entirely dis- 
appearing. This is an analogue of the property of clay surfaces of taking 
one oil out of solution in another, and holding it back. 

This must be considered in connection with problems in the earth. 
We must remember that there are certain thingte in the way of oils that 
cannot go through shale at all. An asphalt oil from Texas will not pass 
through a shale until that shale has been entirely saturated with asphalt. 
Then the other light, unsaturated hydrocarbons will simply hang back 
until the clay surfaces are saturated by them and then finally they go 
through and are not affected by these surfaces, except in respect of capil- 
larity, as with saturated hydrocarbons. 

We hope to simplify our problems very greatly by the study of the 
capillary concentration of oils. We must give careful consideration to 
the study of all these capillary phenomena, especially to the adsorptive 
effects on certain hydrocarbons, which undoubtedly have played a great 
r61e in this matter. 

Turning to Mr. Johnson’s discussion: he has enunciated a very im- 
portant idea in regard to movement. It seems to me that when we look 
at the relations of oil and gas and the great deal of help effected by move- 
ment, we recognize the very considerable difference in solubility of natural 
gas in various oils. The old idea of a layer of water and a layer of oil 
and a layer of gas in contact with each other must be greatly modified, 
because under the pressures existing most of that natural gas must be 
in solution in the oil. A bottle of Vichy looks clear, but when the bottle 
is opened the gas escapes. It was there in solution in the water. So 
we have a larger reservoir of gas for a given pressure if the oil is present 
to dissolve that gas. In the case of oil with gas in solution, just as 
soon as the pressure on the oil is released the oil remains but the gas 
escapes. Any change of pressure on that oil must affect the gas in 
solution in the oil, so the cause for the movement of oil, in migration, 
is, it seems to me, perfectly seff-contained. Any slight change of pressure 
or temperature will be suflicient to give plenty of reason for movement. 

Edwin M. Chance, Wilkes-Barre, Pa. — I am very glad Dr. Day 
touched upon the subject of adsorption. That, to my mind, is the most 
important consideration of this subject. Mr. Washburne in his paper 
has considered the action of the capillaries as purely mechanical. I am 
afraid that if we consider it from this angle only, we will see but a very 
small part of the picture. The nature of the capillary surfaces, as Dr. 
Day has well said, is of great importance, as the phenomena of adsorp- 
tion will exercise, and, I believe, have exercised a great and far-reaching 
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influence upon the nature, chemical composition, and general character- 
istics of the crude oils. The phenomena of adsorption are of every-day 
occurrence and very wide usefulness in the arts. The clarifsdng action 
of bone black, fuller’s earth, and like substances, depends entirely upon 
this action. The clarification of drinking water by alum precipitation 
depends largely on this, and it is only reasonable to believe that when an 
oil penetrates gradually through great areas of rock, taking great time, 
and where the rocks are of a shaly nature, closely allied to what are 
known to be the best substances for adsorption phenomena, this trans- 
fusion must greatly affect the nature of the oil. 

H. A. Wheeler, St. Louis, Mo. — The complications which Dr. Day’s 
experiments certainly show are extremely important and are complica- 
tions that vary with every clay; for I think Dr. Day will indorse my state- 
ment that you never find two clays alike in this respect. 

To revert to this proposition solely as a mechanical factor, Mr. 
Washburne’s paper would make the hydrostatic pressure entirely a 
factor of porosity. I would like to ask the members present if in a new 
field, before there has been any loss of pressure by drainage, the rock 
pressures have ever been found equal to or greater than the hydrostatic 
head due to the depth of the sand? In my own experience, I cannot 
recall a single instance where the pressure was not more or less under 
that which would be expected from the mere hydrostatic head; some- 
times quite a marked shrinkage, which, with all due respect to Dr. Day, 
I will call friction loss. 

Roswell H. Johnson: — There is one reason why the hydrostatic 
interpretation of gas pressure is not wholly acceptable. As we go down 
in the sands we seem to get excesses of gas. Particularly in this field it 
becomes excessive in quantity relative to the amount of water in the 
sand. If this holds in other fields as well it must mean that there has 
been an ascension of water, because these sedimentaries, when laid down, 
were filled with connate water. If we do get an ascension of connate 
water, produced by some such phenomena as its expansion by heat or 
by the formation of new gas by pressure upon organic materials at great 
depth, we can hardly expect the pressure to be controlled merely 
hydrostatically. 

* In reply to Mr. Wheeler’s inquiry as to gas wells with pressure 
higher than hydrostatic pressure, I would cite the original wells given 
by Orton on which he based the hydrostatic theory. He used in his 
calculation a head of 600 ft. above tide, assuming the outcrop of the 
Manitoulin Islands to be in Lake Superior, whereas the Trenton does 
not outcrop at Lake Superior. The Manitoulin Islands are in Lake 
Huron, the level of which is 580 ft. above tide. 


* Communication to the Secretary. 
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No allowance is made for the lower density of the fresher water near 
the outcrop, the weight taken for the whole column being the water of 
high density found at the wells. 

While Dr. Orton admits that “ defects of porosity would abate the pres- 
sure” he assumes no such ” defects” from the gas wells to the outcrop, 
a violent assumption, since Phinney states that the Trenton is “close 
or only feebly porous” over large areas and Bownocker refers to a well 
in Wood County that had no gas until a depth of 50 ft. into the Trenton, 
although most of the production was obtained above that horizon. He 
also states that “the pay commonly ranges in thickness from 5 to 30 ft., 
it is more porous and commonly has a darker color than the inclosing 
rocks and hence is easily recognized.” 

Another objection to Dr. Orton’s calculation in this case is, that in 
order to get the proper pressures to appear for Indiana, Phinney takes 
his head from the Trenton at the Cincinnati anticline rather than Lake 
Superior. If for the Trenton in the Indiana field, why not for the 
Trenton in the Ohio field? 

G. A. Burrell, Pittsburgh, Pa.— Some years ago I made a few 
experiments at the request of Dr. Day, in which I dissolved natural 
gas in crude oils from California, to saturation. I found that at ordinary 
pressures and temperatures the oils absorbed from 15 to 25 per cent, of 
their volume of the natural gas of Pittsburgh. Casing head gases were 
absorbed to a greater extent, as much as 60 per cent. Under heavy 
pressures, of course, the solubihty effect would be much greater. 

I have been interested in the subject of the movement of oil and gas 
through the strata, principally in the movement of natural gas. The 
two are much related. We found that natural gases vary much in 
composition, as many others have noticed. We have, for instance, the 
so-called dry gas, or marsh gas, usually not found in localities where 
oil is present, at least usually not in as tremendous volumes as the gases 
that are present in the oil fields. In the oil fields we usually have a gas 
containing a higher percentage of the heavier paraffin hydrocarbons 
than methane. We were able to separate those hydrocarbons in the 
case of Pittsburgh natural gas and found that it contains 84.7 per cent, 
of methane, 9.4 per cent, of ethane, 3.0 per cent, of prophane, and 1.3 
per cent, of the higher paraffin hydrocarbons, chiefly butane. That is 
typical of the great quantity of gas used in Pittsburgh, Columbus, Cleve- 
land, Cincinnati, and other places that obtain gas principally from the 
fields of West Virginia, though a great deal comes from Pennsylvania, 
and some from Ohio. 

Passing from that type of gas to a gas in contact with oil in the 
stratum, we have found that the higher members of the parafiSn series, 
higher than methane, predominate at times, and some of them contain 
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enough of the vapors of the Kquid paraffins to make them profitable as a 
source of gasoline. 

Referring now to the movement of gas through sands. We have 
taken samples at different places in certain localities from different sands — 
that is, from a lower sand and an upper sand — and from the few data we 
have collected, we have found that the gas in the upper sand contains less 
of the heavier paraffin hydrocarbons than that in the lower sands, looking 
as if in moving from a point of common origin and passing up through 
strata and finally landing in the top strata, the gas had lost some of the 
more easily removable paraffin hydrocarbons. 

We ran across an interesting case in the natural gas from the Hog- 
shooter pool, Oklahoma. That is a natural gas, conta ining about 96}^ 
per cent, of methane, about per cent, of carbon dioxide, and the 
rest nitrogen. An unusual condition surrounding the gas lies in the 
fact that there is a tremendous body of gas containing methane as the 
paraffin hydrocarbon not far from oil sands where other paraffins than 
methanes are found. 

If these gases came from a place of common origin with the other 
natural hydrocarbons, here is a case where in moving through a com- 
paratively short distance, a tremendous quantity of gas had lost its higher 
paraffin hydrocarbons. 

I wish to lay emphasis on the relation between the composition of 
natural gas and the presence of oil. As we find natural gas in the oil 
fields, it almost invariably contains the higher paraffin hydrocarbons, 
and the inference is that natural gas issuing from earth containing 
methane as the only paraffin hydrocarbon, may be usually taken as an 
indication that oil is not present in the immediate vicinity. In rare 
cases this may not follow. 

D. T. Day, Washington, D. C. — Our experimental data may be of 
great value perhaps in one connection. It has not been enough to go 
far on the chemical side of this question. It is principally on the 
geological side. We recognize that where oils contain unsaturated 
hydrocarbons they are, as a class, taken out by adsorption. 

But suppose you only have paraffin hydrocarbons, what happens when 
they go through this day? In the ordinary course of diffusion, the more 
viscous saturated hydrocarbons hang behind, so that you do get frac- 
tionation of paraffin oils. It is perfectly easy to show this by experiment. 
Taking a tube 6 ft. long, pack it tight with fuller’s earth, put one end, 
open, into a receptacle containing oils from which all unsaturated com- 
pounds have been very carefully removed, and allow that oil to diffuse 
slowly through the clay and you will get gasoline at the top and vaseline 
at the bottom. You get it by a process that is pur^y diffusion. In 
this case there is no action of adsorption, so far as we know. But^you 
do get fractionation by diffusion. 

VOL. L. — 54 
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Professor Gurowicz, in commenting on the work I did in 1897, states 
that while I did effect those results I did not know what I was doing, and 
did not know why I got the results. He seems to think that there is no 
other action than adsorption. In the above case there was no separation 
of any class of hydrocarbons; there was purely diffusion, having reference 
to the viscosity of the different oils. He does not consider the diffusion 
idea at all. He thinks it is entirely adsorption. I am prepared to combat 
that view. What Mr. Burrell has said here is sufficient evidence that 
that is going too far. Here, with a mixture of very volatile hydro- 
carbons, such as butane, propane, ethane, and methane, we evidently have 
separation by diffusion of those perfectly saturated hydrocarbons, so 
that eventually you have nothing but methane. It seems to be a per- 
fectly clear case of separation by difference in viscosity. Just exactly as 
the original separation of hydrogen from oxygen by heat was made by 
the superior diffusibility of hydrogen. If you can fractionate two gases 
in that way, so you can fractionate two oils. This fractionation which 
Mr. Burrell speaks of seems to me to be exactly of the same class. 

F. W. Bxjshong, Pittsburgh, Pa. — ^When one takes an ordinary steel 
cylinder and fills it with a natural gas in the field, at high pressure, one 
finds on first opening it a very large excess of methane. The mixture 
follows the natural law of gas passing out through a small orifice. In 
that cylinder there will remain finally the high-boiling constituents. I 
wonder if Dr. Burrell has not observed that same thing in the passage of 
gas through the porous strata of the different fields, and I wonder whether 
this is not also a factor in the matter of hydrostatic conditions. The 
gas, of course, under high pressure will be dissolved in much larger 
quantities. But the point I want to ask him is whether that same field 
examined later on, after the enormous pressure has been relieved through 
consumption, wiU not show eventually a large amount of casing head 
gasoHne and, like the Ohio and Indiana fields, will not yield almost 
entirely gasoline, where it now 3rields almost entirely pure methane. 

G. A. Buebell. — In the Hogshooter field the pressure is down pretty 
low; starting at 600 or 600 lb., it is now down to about 30 lb. I would 
think that if there was going to be a change in composition, it would have 
been noticed by now. 

F. W. Bttshong. — Have you observed such a change? 

G. A. Buebell. — Yes, that change takes place. The lighter paraffin 
gases have passed off in large measure in many oil wells. 

C. W. Washbuene, New York, N. Y. (communication to the Secre- 
tary*). — This reply to the discussion of my paper at the Pittsburgh meet- 
ing is based on the stenographer’s transcript received in Africa. 


* Eeoeived Mar. 6 , 1916 . 
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I thank Dr. Waldo for his offer of new data on the surface tension of 
crude oils, which I hope he will add to this discussion at an early date. 
His observation that crude oil has surprisingly low surface tension, below 
what would be expected from its specific gravity, is in accord with my 
determination of the surface tension of a Pennsylvania crude oil, men- 
tioned in the paper. It accords also with my deductions from capillary 
theory. 

I agree with Mr. Johnson in everything he says. The necessity for 
other movement, independent of capillary action, in order to enable the 
latter to effect concentration, is recognized in the paper, but the greater 
emphasis he gives the matter is helpful to correct understanding. 

Mr. Johnson is correct also in objecting to the opinion of Hofer and 
other European geologists who believe that oil must originate in the same 
sands in which it is found and that it cannot penetrate shale. Clay is 
much better than sand for the preservation of organic matter and the 
great bodies of shale and limestone furnish a more adequate organic 
source of the oil which saturates the sands. Certainly in fissure fields, 
such as the Florence field, Colofado, and probably in some of the smaller 
Wyoming fields, m which there are no sands, it is absolutely necessary to 
admit that the ml has passed through shale in order to reach the short dis- 
continuous fissures, or gashes, in the great shale formations. If the fis- 
sures at Florence reached the underlying Dakota sandstone, the field 
would have been flooded with water when the pressure was exhausted. It 
remains remarkably dry. 

With Dr. Day I must differ. As shown in the paper, it is highly im- 
probable that capillarity can cause any effective pressure whatever in the 
sands. The pressure in the closed tube, from which Dr. Day had driven 
the oil with water, may have been due to capillarity, but the mechanical 
conditions of the closed tube are not imitated in nature, except in fine pas- 
sages that open into coarse ones, and which are closed at the other end. 
Capillarity would thus create pressure in the closed pores of shale opening 
into sand, but not in the sand. 

Probably it is necessary to increase my estimate (15 atmospheres) 
of the maximum pressure which can be developed by capillary action. 
In the paper I called attention to the fact that “the minimum diameter 
of capillary openings is somewhat uncertain. It is usually placed at 
0.0001 mm. for tubes and at 0.0002 mm. for plane fissures.” These are 
the values given in Van Hise’s Treedise on MetamorpMsm, in text-books, 
etc., based on the work of Lord Rayleigh and others, and are the basis of 
my calculation of maximum pressure. However, I have received a letter 
from John Johnston, of the Geophysical Laboratory, Washington, D. C., 
calling attention to the more recent work of G. Bakker*^; who considers 

Zeitschriftfilr physikcdische Chemie, vol. Ixxx, No. 2, p. 129 (JUne 26, 1912). 
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that the radii of the spheres of molecular attraction are only six to seven 
timftg the molecular diameter. Consequently the length of the radii is 
only a few millimicrons, and capillary action can take place in pores very 
much smaller than 0.0002 mm., developing pressures far in excess of those 
stated. This entirely justifies Johnston and Adams®* in calculating cap- 
illary pressures for tubes as small as 0.01 micron, and invalidates my 
objection thereto. I have not had opportunity to examine the articles by 
Bakker (the only literature here being a missionary’s bible!), but in this 
study it is not necessary to pay further attention to the thickness of cap- 
illary films and to the corresponding possible pressures in minimum capil- 
lary tubes, because the capillary pressure would be effective only in closed 
passages in shale and could not contribute to the pressure in the sand. 
Only a negligible pressure could be developed in the comparatively coarse 
pores of sandstone by the capillary withdrawal of water from fissures, and 
this would be more than overcome by the negative pressure left in the 
sand pores by the more general capillary pull of the water into shale. The 
capillary pressure of the basal water against the oil in the sand pores also 
would be negligible. There is no voluifietric change involved. 

Water would be drawn into the minimum capillaries of shale with 
great pressure, amounting to many hundred, possibly to a thousand, at- 
mospheres, judging from Bakker’s calculation of the sphere of molecular 
influence mentioned above. . In rock pores the actual pressure would be 
of course very much less than that in the theoretical minimum capillaries. 
The pressure would be effective in driving the oil out of the minute pores 
of shale into joints and fissures and into the comparatively coarse pores of 
sandstone, but the attempt to explain pressure in the sand by such means 
is like the problem of a man lifting himself by his boot straps. Likewise, 
the attempt to explain the general migration of oil by capillarity or any 
continuous capillary movement, or any ascent of a liquid above the cap- 
illary height for the given pore diameter, is the problem of perpetual mo- 
tion. These fallacies must be abandoned by students of oil. 

My use of the term “friction of contact” was rather careless. Dr. 
Day is right in saying that friction is not merely adhesion, and that it 
increases with velocity, but he fails to note that in the little experiment in 
question it was necessary to consider only one element of friction: namely, 
the adhesion of drops of oil to the sides of an open vessel. This may be 
regarded as the initial element of friction, since it is the resistance to the 
first movement of a drop. This element is independent of velocity, and 
depends upon the area of solid contact, which in the pores of ordinary 
sands would be from 50 to 200 times the area of contact of the drops 
against the sides of the vessel. All other elements of friction, both inter- 
nal (viscosity) and external, which come into play as soon as a drop begins 


** Journal of Geology, vol. xxii, No. 1, p. 13 (Jan.-Feb., 1914). 
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to move, are to be added to the initial adhesion, and they strengthen the 
argument that gravity cannot lift drops of oil through a fine water-satu- 
rated sand. Gravity possibly may lift larger masses of light oil, as in 
Johnson’s experiment, mentioned in this discussion, after circulatory or 
other movements of the water body have dislodged them, but not little 
drops, nor heavy viscous oil. Where the latter has been gathered in low 
anticlines, as in the Kem River field, the oil probably has increased 
afterward in gravity and in viscosity. The circulatory movements of the 
water would dislodge all of the drops in time, and these circulatory move- 
ments are much more eflacient than gravity in carrying the drops and other 
oil bodies to the top of the water, where they would be held by the tension 
of the water-gas surface, whenever they happened to touch it. In very 
fine sands the process would be less efficient because of the small radius of 
curvature of the water-gas surface in the little pores. 

The time available for the concentration of oil into sands may be very 
long, but it is not infinite. The time available for producing the anti- 
clinal and other types of distribution of oil commonly is very short. The 
relation of some oil bodies to the ground surface and to the ground water 
indicates that the present distribution of the oil has been effected since the 
erosion of the existing topography. “Motion infinitely slow,” therefore, 
would be ineffective, as it is in most geological processes, and hence in this 
study we cannot agree with Dr. Day when he says that here “friction does 
not exist” and that “it has reached the minimum Hmit.” We cannot 
neglect friction in the study of the migration of oil, and I greatly regret 
the lack of data concerning the factors of flow for oil in small 'passages. 
The viscous lag of the heavier paraffin hydrocarbons in Dr. Day’s 
experiments must have been due to friction. If friction ceased, there 
could be no viscous lag in geological migration. 

Dr. Day then proposes a modification of my paper by adding another 
subject, the fractionation of crude oils by migration through shale, a very 
useful discovery of his, which, however, does not strictly concern the 
subject of the paper, capillary concentration. This is purely a mechan- 
ical subject and I would prefer to leave chemical and other extraneous 
matter for other discussions. Capillary action is mdependent of the 
nature of the capillary walls and depends only on surface tension and on 
pore diameter. 

Fractionation by filtration is due to adsorption and to viscous lag, and 
these factors, especially the former, are strongly influenced by the nature 
of the capillary walls, but this side discussion can receive little attention 
here. The word “ diffusion ” has no rightful place in the discussion of the 
filtration of liquid hydrocarbons. Diffusion is a molecular process which 
operates only in gases and in substances dissolved in liquids. To say that 
since oxygen and hydrogen may be separated by diffusion, therefore dif- 
fusion may separate a mixture of two liquid hydrocarbons, violates the 
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principles of molecular physics, unless the reference be only to the vapors 
of the hydrocarbons, which evidently is not the case. All the phenomena 
of fractionation by filtration may be explained without callmg upon any 
unknown or mysterious molecular process, simply by noting the control- 
ling factors, which are: first, the selective adsorption of the unsaturated 
hydrocarbons, of the sulphur compounds, and possibly of others, upon the 
surfaces of clay particles, and secondly, the progressive frictional lag of the 
more viscous fractions. 

I regard the first factor, adsorption, as the most important feature of 
filtration in nature. The effects of the second factor, viscous lag, are 
thought to be blotted out in the later stages of migration, when the 
delayed viscous elements follow the lighter ones and reach the same des- 
tination. This is indicated by the experiments in Engler’s laboratory, in 
which the filtration was not stopped as soon as the tube of fuller’s earth 
was saturated with oil, but the oil was allowed to continue flowing through 
the earth, whereupon it was observed that the succeeding later fractions 
became heavier. 

However, when we take up the subject of fractionation, it will be 
necessary to consider the other alterations of crude oil, especially oxida- 
tion and polymerization, and the catalytic influence of clay; also the 
reasons why Arnold finds that the oil of California gets heavier as it 
migrates. At the first opportunity I will present my field observations in 
support of the essentials of Dr. Day’s theory, also the chemical and geo- 
logical matter concerning the modification of oil during migration and 
during its long storage in the sands. In this manuscript, which I left 
practically complete in America, I have shown that crude oil grows heav- 
ier with time, and that probably aU crude oils are descended from lighter 
parent oils. I regard partial oxidation, polymerization, and other 
molecular combinations, as the controlling factors in the alteration of 
oil in nature. 

The adsorption of the unsaturated hydrocarbons on clay, as in the 
experiments of Day, Gilpin, Cram, Bransky, and others, removes the more 
condensible elements of crude oil and renders it less susceptible to poly- 
merization and to chemical change. For this reason, combined with the 
protection given by the thick bodies of shale, Pennsylvania oil is lighter 
than that of the limestone fields of Ohio. In both States, as well as in 
California, and elsewhere, the distribution of the oils of different character 
indicates that they are the condensed or polymerized products of oils 
which were originally much lighter. The viscous lag of the heavy frac- 
tions, as in Day’s experiments, c^not have much geological importance, 
being only a temporary phenomenon. 

In reply to Mr. Wheeler, he will find the first discussion of an observed 
pressure greatly in excess of the possible hydrostatic pressure, by consult- 
ing Orton’s early description of a big gas well in New York State. Since 
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then similar observations have been common. They appear to be espe- 
cially numerous on the Apscheron Peninsula and in lower Louisiana, 
coastal Texas and Mexico, fields in which the communication across the 
deeper strata appears to be especially open, judging from the geological 
structure, from the locally high temperatures and generally high pressures, 
from the abundance of the chemically active gas, HzS, with some CO2 
which has low diffusive power, and from the unfiltered character of the oil, 
which is asphaltic. Most of the oils are highly asphaltic and viscous, ex- 
cept in some of the Baku and southern Mexico fields, where the oil con- 
tains little asphalt, but is nevertheless rich in unsaturated hydrocarbons. 
This is the general character of the fields along the coast of the Gulf of 
Mexico, which are broken by faults, dikes, volcanic necks and salt plugs. 
On account of these vertical passages, there is little difference between the 
coastal fields that develop the middle Cretaceous limestone, and those that 
develop sands, dolomite lenses, and fissures in the overl3dng shale or marl. 
As soon as one passes inland to the interior field of Mexico, discovered by 
the writer, and to the northern fields of Louisiana, which are in strata of 
the same age, but unbroken, the fields acquire an entirely different charac- 
ter. All of the preceding characteristics are absent, there are no great 
gushers nor notably high temperatures, the gas is largely methane, and 
the oil is of filtered type, it is light paraffin oil. Asphaltic oil and hydro- 
gen sulphide is found only below the Eocene marl or shale, in the under- 
lying middle Cretaceous limestone. In these interior fields the absence of 
strong cross fractures forced the oil and gas to filter through the shale, 
probably making its way largely through minute joiats. Since adsorp- 
tion depends mainly on the area of clay surface over which the oil moves, 
there is no reason why oil should not be filtered in passing through the 
fine joints of a thick mass of shale, although we can admit a small amount 
of seep through the body of the shale. In this filtration into the interior 
fields of Mexico and Louisiana, the unsaturated hydrocarbons were re- 
moved by the clay, leaving the oil incapable of much polymerization, and 
therefore it remains comparatively light. The less diffusive and chemi- 
cally active gases could not pass through the shale. 

With further reference to Mr. Wheeler’s question, Munn and others 
have shown that large areas of the deep sands of West Virginia and Penn- 
sylvania are dry. As stated by Johnson in this discussion, the dryness 
suggests that the pressure has forced the water out, the pressure being 
therefore something that opposes the hydrostatic pressure. This explana- 
tion now appears as good as any, but in the paper there are other possible 
explanations of the dryn^ of the deep sands. The very fact that the 
sands are dry shows that they do not contain the water required to account 
for the pressure, which in the gas sands approximates that of the hydro- 
static pressure corresponding to the depth of the well, apparently regard- 
less of the elevation of the outcrop. There are also some notable depar- 
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tures both above and below the theoretical hydrostatic pressure. Since 
the deep sands are largely dry, the common approximation to hydrostatic 
pressure can have only one explanation, which is, that the pressure is 
applied through the water in the pores and joints of the overlying shales 
and other strata. 

This in itself is proof that shale is not entirely impervious. The nu- 
nute joints and pores of the shale must communicate, doubtless verj’ 
imperfectly, but nevertheless with sufficient freedom to permit the 
transmission of pressure through their liquid contents. If pressure can 
be transmitted through the shale from above, it can be transmitted 
equally well through the rocks below. Hence there is no reason to 
doubt that the pressure of the abyssal fluids may be transmitted out- 
ward through the fine rock pores and joints. The work of Adams®® has 
shown that these passages may remain open at far greater depths than 
was formerly thought. 

I infer a small, but locally active, very slow, outward creep of the 
rock fluids (liquid or gas or both) due to pressure from below. The princi- 
pal reason for this inference is based on plotting the distribution of pres- 
sures in the sands of different fields of the United States and of Canada for 
which data are available. The data are not sufficiently complete to 
warrant final conclusions, but there are so many instances in which the 
downward increase of pressure between sands, and the increase above the 
surface pressure, exceed the corresponding hydrostatic head, that I have 
been led to believe in the very slow upward movement of water, and prob- 
ably of oil and gases, across the strata; also that gas pressure is in part 
of abyssal origin. It seems significant that excess pressures are most com- 
mon in the more fractured regions, such as Baku and the Gulf Coast, 
where the deep communication appears to be more open than elsewhere. 
Other arguments for this ascent are found in the excess temperatures in oil 
fields, in the distribution of oils and gases of filtered and unfiltered types, 
in the excess of chlorine in the associated water, and in the abundance of 
helium in the deep wells of Kansas. 

On account of its great abundance, an atmospheric origin of the helium 
in Kansas gas seems out of the question. Moreover, the percentage of 
helium in the nitrogen of Kansas gas increases with depth, pointing to- 
ward a deeper source.®* The marked tendency of radium emanations to 
collect on clay suggests that possibly the helium may have been derived 
from emanations, which could more readily penetrate the rocks, but if this 
were its origin we would expect to find very high radio-activity, which 
appears not to be the case. The heUum probably has risen by diffusion 
across the strata from a deep internal source, possibly magmatic. 

Journal of Geology, vol. xx, No. 2, pp. 97 to il8 (Feb.-Mar., 1912). 

Cady and McFarland • University Geological Survey of Kansas, vol. ix (1908). 
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The common approximation of gas pressure to hydrostatic pressure 
may be assigned to the fact that the weight of the water in the rock pores 
resists the slow outward movement, and that equilibrium is established 
when the outward pressure is equal to this weight; i.e., to the local hydro- 
static head. In such eases the hydrostatic head may be regarded either 
as the cause of the pressure, applied in most cases downward through the 
overlying shale, rather than through the sand from its outcrop, or it may 
be regarded as a measure of the principal resistance which is met by the 
deep-seated pressure applied from below. Where there is equilibrium 
this is immaterial, but where there is departure from the theoretical hydro- 
static head the latter interpretation becomes necessary. The cases of 
excess pressure may be assigned in general to greater freedom of communi- 
cation underneath the “sand,” as in the domes of the GuK Coast, to 
locally more active ascent of the rock fluids from any cause, or to greater 
resistance above the “sand.” The cases of original defect in pressure 
below the theoretical hydrostatic head may be assigned, in general, to the 
opposite causes, or to leakage, or to dryness of parts of the overlying rock. 
It is necessary to remember that the phenomena of oil fields are exceed- 
ingly variable, that no two fields are alike. Doubtless there are many 
fields in which the hydrostatic pressure of the water in the sand, below the 
outcrop, controls the pressure, but in the Appalachian, Rocky Mountain, 
and Mexican fields this explanation is generally impossible. 

In this matter a word of caution is necessary against the acceptance of 
pressure readings with the Pitot tube as giving anything more than partial 
approximation to the true origiaal pressure in the sand. The Pitot tube 
gives the flowing pressure at the casing head, to which must be added the 
loss of head (pressure) required to force the gas rapidly through the pipe 
and the much greater loss by friction in the sand. Since great gas wells 
rarely can be closed completely until some time has elapsed, it is neces- 
sary to rely on the Pitot tube for pressure measurements, but we lack 
data for calculating the pressure in the sand (“closed” or “rock pres- 
sure”^®) from these measurements. The writer has failed in the attempt 
to make such calculations, and he will be greatly indebted to any mathe- 
matically inclined student of gas who will develop a formula or table for 
the purpose, which is applicable to the variable coarseness and porosity of 
sands. 

These questions demand separate papers. In the present study 
pressure need be considered only in its relation to capillarity. I believe I 
have shown that capillarity is wholly incapable of causing pressure in the 
sands. 

The word adsorption occurs only once in the paper and is correctly 

The gas man’s term “rock pressure” should be avoided in scientific discussions, 
since it may be taken to mean pressure exerted by the rock. “Closed pressure” is 
preferable. 
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used if printed with a “d”,*® since it refers to the moisture adsorbed on 
clay surfaces as distinguished from the free or capillary water. Dr. Day’s 
objection to the use of the word is not understood. 

Mr. Burrell infers an upward creep of natural gas from his observa- 
tions of the downward increase in the percentage of heavy hydrocarbons 
in the gas of different sands. This new argument tends to support my 
hypothesis of the outward creep of fluids, and I beg Mr. Burrell to give us 
this useful information in greater detail. Has he observed any down- 
ward increase in the percentage of CO2 and of other less diffusible gases? 

I have not seen the paper in print, nor the proof, having only a copy of the 
manuscript. 
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The Oil Fields of Mexico 

BT BZBQTTIBL ORDONEZ,* MEXICO CITT, MEXICO 
(Pittsburgh Meeting, October, 1914^ 

I HAVE read in the Bulletin a paper by H. von Hofer relating to the 
Origin of Petroleum,^ in which the author supports his and Engler’s views, 
expressed before, of the organic origin of petroleum. Von Hofer pro- 
nounces strongly against the hypothesis of the volcanic origin of hydro- 
carbons, as particularly advocated by Eugene Coste. 

In Mr. Coste’s articles, so well known by the public, he refers incident- 
ally to our Mexican oil occurrences, especially of the Gulf coast, as proofs 
of the volcanic origin of the oils. This belief comes from the fact that, 
in our Mexican oil fields of the east coast, the majority of the producing 
wells are located near volcanic necks (remnants of small volcanoes, 
mainly of the explosive type), or near certain gibbosities in shales, resem- 
bling mounds, some of which are really uplifts due to volcanic forces 
or to abortive eruptions. 

The first attempt to explain the oil coming up around volcanic 
necks in Mexico, was made by me in a small article* published in 1905, 
soon after the investigation ordered by the Mexican government as to 
the outlook of the Mexican Gulf coast as a future oil producer. 

When E. L. Doheny of Los Angeles, Cal., and I located the first produc- 
ing well of Mexico, I was also the first to predict the great future of the oil 
industry in Mexico, just at the time when the government and some Mex- 
ican geologists felt rather pessimistic. The Mexican investors and the 
general public, as a result of these discouragements, did not pay attention 
to this important source of common wealth until recent days. The real- 
ization of the value of this source of wealth has been so sudden that we are 
menaced by the consequences brought about by a great boom. 

It was quite impossible, about five years ago, to induce Mexican 
capitalists to invest money in oil lands. So the few large foreign compa- 
nies operating since the beginning, easily secured large holdings, in spite 
of the trouble frequently resulting from faulty titles or ownership. 

The main object of this short paper is to expound the fact that the 
connection between oil and small volcanic apparatus is exclusively 

* Honorary Member. 

> Trans., xlviii, 481 (1914). 

* Sobre algunose ejemplos probables do tubos de enipcion, Memorias de la Sodedad 
Alnate, Tol. xxii (1906). 
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mechanicalj having nothing to do, of course, with the origin of the oil, 
which is hypothetically considered by us as of purely organic derivation. 
Our oil is not indigenous to the rocks in which are contained the porous 
seams where it is accumulated. 

As is well known, the Mexican oil lands are made up of a thick shale 
formation intercalated in places — especially near the oil seams — with a 
kind of sandy shale and thin hard flinty beds of the same material. These 
4,000 or 5,000 ft. of shale overlie probably a thick Cretaceous formation of 
limestone with other sedimentary rocks intercalated, in which probably 
the oil originates. 

While it is inferred in von. Hofer’s article referred to (in quoting the 
views of a Mexican geologist), that the oil country is a highly disturbed 
one, I think it is the contrary. That section of the east coast of Mexico 
does not show signs of great movements. The shale formation — as seen 
in cuts made by rivers, or in places where the gravel and residuary mate- 
rial of an eroded peneplain which mantled it are washed away — shows only 
slight gradient undulations, monoclinal low ridges and ample vaults, never 
big or repeated foldings, nor great displacements by faults. The latter, 
according to my general observation, are usually of very small importance. 

Dikes are practically unknown in the central oil lands, between the 
Tamesi and Tuxpam rivers, and besides the necks and small lava streams 
there are some rare hills of plutonic rocks like diorites and nepheline 
syenites. Further north in the State of Tamaulipas and south to the mid- 
dle part of the State of Veracruz, some sierras breaking up the coastal 
plains present more complex geological structures. 

Local interior areas, very much disturbed, certainly exist, but have not 
been proved productive as yet. Highly disturbed shales are found also 
as a belt in the western margin of the formation against the underlying 
limestone of which the foot hills and the eastern Sierra Madre mountains 
are built up. The volcanic necks are seen scattered in the coastal plain 
commonly as isolated cones or as small groups of hills; the first type is 
wonderfully represented in the section between Chicontepec and Tuxpam, 
of the State of Veracruz.® 

We should not make the volcanic action responsible for all the undulat- 
ing and gently boss-like structure of the large shale oil-bearing formation, 
for everything tends to prove that the main tectonic, weak as it is, is prior 
to the volcanic activity in the coast. The volcanic plug or pipe of ashy 
and compact basaltic lava, of which the neck is the upper end, has not 
produced any considerable disturbance of the shale around it, and I figure 
that its passage through the sedimentary rock was like a screw through 
a piece of wood. I imagine that, during the making of the pipes and the 

* Oa in the State of Veracruz, Mining and Sdentijic Press, vol. xcv, No. 8, p. 247 
(Aug. 24, 1907). 
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coming of masses of hidden intrusive igneous material, there was a certain 
absorption of the sedimentaries by the igneous molten material in the 
depths, also the breaking of the sedimentaries near the intrusion and 
finally a narrow aureole around the plug of brecciated or broken material 
caused by friction, which zone is utilized in many cases for the rising of 
minute quantities of oil to the surface and the formation of seepages of 
very slow accumulation. 

A number of large seepages, near which important discoveries have 
been made, are found at the foot of the necks between the shale and the 
basaltic rock; other seepages lie in the flanks of dome-shaped bosses. In 
no rare cases dry hard cakes of chapopote, with a soft freshly -risen heavy oil 
in the center, are encountered in the bottom of small amphitheaters, or 
horseshoe-like encircling spaces, or in general in the concavities made by 
curved rows of volcanic hills and small ranges. These different cases of 
seepages are very favorable for locating wells, as pioved by experience 
(Cerro de la Pez, Chijol, Juan Casiano, Cerro Azul, etc.). Numbers of 
small seepages or chapopoteras are found in the middle of the coastal 
plain far from any salient topographical accident. It is frequently 
observed then that the oil exude is not coming directly from underneath 
the place, as seen from the surface, but that it has run, sometimes for con- 
siderable distance, on the shale between it and the thick argillaceous 
material covering that rock. 

In the present state of our geological knowledge of the oil lands it is 
difficult to explain some important productive areas near river banks 
which have no apparent connection with volcanic outbreaks nor with 
bosses. Unfortunately, data collected during drilling and observations 
of the experts in this and other particular cases never come to the 
public domain. 

I have seen many cases of very small exudes dropping slowly from 
narrow cracks and little faults in the cliffy banks of rivers where the shales 
are cut by erosion. This is the case in several places on the rivers Teco- 
lutla, Tuxpam, Calabozo, Pdnuco, Tamesi, Valles, etc. 

The unimportant veins of albertite and grahamite, so well known in 
the coast, proceed probably from old exudes filling cracks and fissures 
where the chapopote dries slowly, becomes a little oxidized and is then 
subjected to pressure. 

Lighter oil than that commonly found on the coast central oil lands 
appears to be found at shallower depths in the disturbed shales near the 
limestones at the foot hills of the eastern Sierra Madre mountains. This 
seems to coincide, as in Aquismon,with local impregnation of the lime- 
stones by light-oil products. In this case the oil probably comes up 
through the contact between the shale and the limestone which lie in 
unconformity. 

While in this upper belt of the oil country conditions are still entirely 
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unknown, it seems to the writer that a possible source of petroleum exists 
in this long belt, under conditions probably different from the areas al- 
ready known, or in the way of development, nearer the Mexican Gulf 
shore, or in the estuaries bordering it. 

I have carefully studied, under the microscope, the sandy sediment 
accompanying the oils coming from several wells; especially from those 
near Tampico. This sediment is composed of minute shale splinters 
and rounded grains of basaltic material, similar to the rock of the necks. 
The volcanic origin of certain mounds and the influence of volcanic 
action, as facilitating the accumulation of oil, is demonstrated by what we 
have seen of volcanic rock particles brought with the oil from wells where 
no necks or any other volcanic rock exposures are found in the vicinity. 

The 4,000 or 5,000 ft. thickness of uniform shale oil-bearing strata is 
naturally very impervious. We often have to drill hundreds of feet in 
entirely dry shale even in close proximity to the sea and many feet below 
the ocean level. 

If, as we suppose, the shale formation is not very much disturbed and 
there are no real porous continuous strata in the formation, we have to 
believe, as far as our incomplete knowledge goes to-day, that the porous 
seams, afterward impregnated with oil at the common depths of 2,500 to 
2,700 ft. at which we have generally found the oil, are made by volcanic 
action. Masses of strata corroded by molten lava extend to this 
depth. It is evident that the strata which become porous ought to show a 
particular physical structure and a somewhat particular chemical com- 
position different from the rest of the bedding, which facilitates both cor- 
rosion and partial absorption by the hot molten lava. We imagine the 
oil seams elongated horizontally like sills of large dimensions. In order 
to show the capacities, let us consider a seam or a group of seams capable 
of producing 3,000,000 barrels without interruption, as in the case 
of the first producing well of Mexico at Cerro de la Pez near El Ebano, or 
of the famous burned well of Dos Bocas. 

The peculiarities of the strata as supposed to exist, while of a nature 
absolutely unknown to us, must exist, since there is in our oil-bearing 
strata something like an oil horizon at an average depth of 2,600 ft. 

The exhaustion of a good producing well is marked by the pre.senco of 
abundant salt water, mud, and hydrosulphides. The porous spaces, af f cr 
giving the oil, are probably refilled partly with salt water coming up 
to the seams by the old deeper conduits. The ascension of the oil 
through the drilling holes is caused by abundant high-pressure gas; the 
yield of the wells is generally intermittent. There are gushers of very 
long life. I cited several times the first producing well of La Pez which 
produced about 1,500 barrels a day for nearly 70 months. 

Particular difficulties for rapid successful drilling are to be encountered 
in northern Tamaulipas and south Veracruz, as weU as in thb east coast of 
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Oaxaca and Tabasco, for the geological conditions of the shales are dis- 
simulated by thick cappings of river and marine gravels in the north and 
muds in the south covering the vast peneplain extended in the isthmian 
country. The particular location of the Isthmus with regard to the rest 
of the eastern coast of Mexico and the Yucatan peninsula has created 
peculiar climatic conditions facilitating new detrital masses, favored by 
abundant rains, winds, heat, rivers, etc. 

Discussion 

David T. Day, Washington, D. C. — Dr. Ordonez is really the pioneer 
in the study of the occurrence of Mexican oil. His studies came at such 
an early time as to prove really prophetic. He was successful in point- 
ing out the relationship of these oil deposits to the volcanic teeth which 
are so very characteristic as a geological feature in the coastal plain of 
Mexico. At that time only the first wells around Ebano had been drilled, 
and drilled under the direction of Dr. Ordonez himself. Only these 
Ebano wells were available for a real study of the condition of the oc- 
currence of oil, the other large gushers not then being known. From 
that time on, the study of the geology of the country has, in large 
measure, been able to keep up with the oil development. As usual, a 
great deal of haphazard work in the exploration of the oil fields has been 
carried on. The results have been good, bad, and indifferent. We 
know a great deal more about the distribution of oil in Mexico than we 
do about the geology of it. Two ideas have become prevalent in regard 
to the Mexican oil, due to the peculiar development there: . (1) That oil 
is omnipresent over a tremendous area bounded by De Soto La Marina, 
in the province of Tamaulipas, on the north, to south of Tuxpam in Vera- 
cruz; and (2) that there are very few spots in all this region which have 
rich gushers. The truth is somewhere between the two. The amount of 
land taken up, chiefly by three or four large companies, is extremely 
great, and covers all the possible chances. The idea that oil is going to 
be discovered in a large percentage of the land taken up by the oil com- 
panies, seems to me entirely unjustified. The amount of oil that will be 
produced from comparatively small spots here and there over that 
territory and other territory, undoubtedly will be very great. I do not 
think there is any hope of multipl 3 dng the capacity of these large gushers 
by the area of that part of Mexico in which they are contained, as a 
large number of promoters are inclined to do. 

Another view is that these tremendous gushers will last a short while, 
then each well will be drowned out by salt water. Many people have 
really condemned a large and profitable field on account of that. Con- 
sidering these areas from the north southward, the first large area is the 
Panuco r^ion, where the Corona well of the Dutch syndicate is found. 
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Nobody has much idea of what that well yielded before it became con- 
venient to measure it. The large pond of oil which this Corona well 
yielded was measured with a great deal of froth on it. The oil is very 
heavy, contains some water and froths a great deal. There is very much 
doubt that the product went up to 200,000 bbl. a day, as some claimed. 
Its sdeld was probably somewhere between 30,000 and 50,000 bbl. a day. 
This Panuco region has been very prolific in large gushers and gives every 
evidence that an area of at least 10 square miles will be quite productive. 
At least 2,000 acres in that region can be considered as proved oil terri- 
tory of great value. No trouble has been experienced with water, but 
the oil is very thick. It is a peculiar class of oil, and will be valuable 
when a large fuel-oil trade' is developed and facilities for handling it 
are afforded. But there is more oil now than there are facilities or market 
for it. East of Panuco is another interesting region, the Topila field, 
about half way between Tampico and the Panuco field. There, also, 
some good gushers have been discovered, but because of the influx of 
water have been prematurely condemned. That is unfortunate, be- 
cause nearly every one of those gushers was very profitable before it 
went to the water. Yet an acre of that region is valued at perhaps one- 
tenth or one-twentieth part as much as in the Panuco region. Con- 
sidering the price, I believe more oil will be produced for the money in- 
vested in the Topila region than in the Panuco region. 

Farther south are the large gushers which have shown not only 
enormous daily capacity but also staying qualities, and are unlike any 
other wells in the world of very large size. Those are the wells at Casiano 
and Potrero del Llano. 

As regards the geology, a few of these regions have been developed 
by geological study; the rest have been found more or less by accident. 
In the Panuco region there are only slight evidences of anticlinal structure, 
by which a rational development of the oil territory might be planned. 
When it comes to Topila, after all is said, nothing is known about the 
geology of it or the relation of the water stratum to that of the oil below. 
When that is known, very probably the oil can be successfully taken out 
without running into the water. It will require much more geological 
study than anybody has yet put on it. 

It is interesting to know that in the Potrero del Llano region the great 
No. 4 well of the Aguila Company was really discovered by careful 
geological study, which showed a structural dome in a topographic 
basin. A number of small wells yielded the geological information and 
enabled Dr. Hayes to develop the big well strictly from geological data. 

Philip W. Henbt, New York, N. Y. — Mr. Ordofiez’s paper brings 
to mind my experience in that part of Mexico 10 years ago — prior to its 
development as an oil field — ^in making an investigation of the residue 
from oil seepages, such residue being known locally as ehapapote and 
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in the paving trade as “natural asphalt.” Up to that time the only- 
natural asphalts which had been developed commercially were the two 
deposits, situated 100 miles apart, known as the Pitch Lake in the 
island of Trinidad, B. W. I., and the Bermudez Lake in Venezuela. 
Both of these “lakes” are composed of the residue of asphaltic petroleums, 
the lighter oils having been distilled by the sun and wind. In the 
Pitch Lake of Trmidad the petroleum has filled the crater of an extinct 
mud volcano having a surface area of 110 acres, and in the Bermudez 
Lake it has spread over the surface of a swamp to the extent of 1,100 
acres. From borings which I made in the Pitch Lake in 1894 the depth 
is at least 150 ft. in the center, which was the greatest depth attainable 
with the boriug apparatus at hand. A boring made in the lake several 
hundred feet from the edge showed a bituminous sand at a depth of 
90 ft., indicating a bowl-shaped crater. The surplus seepage or asphalt 
has run down the sides of the crater — the lowest edge of which is 110 
ft. above sea level — ^into the Gulf of Paria about % mile distant. Owing 
to the large amount of asphalt taken from the lake during the past 25 
years, from 100,000 to 200,000 tons per year, the present level of the lake, 
which settles uniformly, but slowly, as a whole, is now some 10 or 15 ft. 
below the lowest edge of the crater. Seepage is still in progress, but 
probably at a rate of not more than 5,000 tons per year. The depth of 
the Bermudez Lake is about 10 ft., and seepage there also still continues. 
At the present rate of consumption both of these lakes or deposits are 
practically inexhaustible. In the Pitch Lake of Trinidad the petroleum 
has become so intimately mixed with water and earth that the residue or 
crude asphalt has a remarkably uniform composition of 40 per cent, 
bitumen, 28 per cent, water, and 32 per cent, fine sand and clay, finer even 
than Portland cement. In the Bermudez Lake the residue or crude 
asphalt has taken up a certain amount of surface water and earth, vary- 
ing from 5 to 40 per cent, of water and 2 to 5 per cent, of earth. As re- 
fining consists merely in dri-ving off the water, Trinidad refined asphalt 
contains 55 per cent, of bitumen and Bermudez asphalt about 95 per cent. 

These two deposits were originally developed by separate business 
interests,’ which made a combination in 1894, thus forming a monopoly 
in the supply of natural asphalt. This caused a search for other natural 
asphalt deposits, or oil seepages, among which were those in Mexico 
lying between the Panuco and Tuxpam rivers, 120 miles apart. This 
district during the past four years has developed into the greatest oil 
field of the world. In 1898 to 1900 asphalt was taken from a deposit 
known as Chapapote Nufiez, some 2 miles north of the Tuxpam River, 
and from Cerro Viejo, 8 miles north, and used in pa-sing certain streets 
in Chicago and Jersey City. This asphalt was dug from the deposits, 
placed in boxes holding about 250 lb. each, floated 60 miles do-wn the 
Tuxpam river and then loaded on steamers lying outside the bar. The 
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amount thus shipped was small, probably not over 2,000 tons in all, and 
the expense was prohibitive, both on account of the small amount of 
asphalt in the deposit and the cost of handling and transportation. 
In 1902, A. H. Garner, who had originally developed the Bermudez 
asphalt deposit, but who at that time was no longer connected with it, 
became interested with A. L. Barber in these deposits or seepages in 
Mexico, and obtained oil and asphalt leases to the extent of 80,000 acres 
scattered between San Geronimo on the Tamiahua lagoon, 60 miles 
south of Tampico, and Cerro Azul, 30 miles to the southwest. In order 
to rid the crude asphalt (petroleum residue) of water and earth, he 
erected a small refinery at San Geronimo, within half a mile of the famous 
(later) Dos Bocas well, and produced a refined asphalt running about 95 
per cent, of bitumen, quite similar to Bermudez. The seepages near San 
Geronimo being soon exhausted, he brought chapapote or crude asphalt 
from the Juan Casiano lease, 10 miles distant. In all, it is not likely 
that more than 1,000 tons of asphalt were shipped from San Geronimo, 
most of it being used in the City of Mexico. In the fall of 1904 I was 
engaged to make a careful determination of the amount of asphalt on 
these leases and the cost of building a railway to connect the largest de- 
posits with the Tamiahua lagoon. A cursory examination soon showed 
that the only deposits of any magnitude were those at Cerro Azul, 
which could be connected with the lagoon by building a railroad 20 miles 
in length to Cuchillos on the Tancocfiin river, and a survey of this 
route was made. 

At Cerro Azul, the crude petroleum, instead of coming up through a 
mud volcano as at Trinidad or spreading over a swamp as at Bermudez, 
ran down water courses, and the seepage was so small that, although still 
going on, there had accumulated during the centuries not more than a 
depth of 3 ft. of residue or asphalt in any one place. In fact, the seepage 
was so much less than at Trinidad or Bermudez that the total accumula- 
tion in this district was trifling in comparison. To determine the exact 
amount of asphalt, I took cross-sections every 50 ft., making soundings 
every 10 or 20 ft. on the section by means of an axe or machete, thus 
determining the amount in each deposit. Within a radius of a mile I 
found 14 separate deposits worthy of examination, and the accompanying 
table shows the average length, breadth, and depth of each deposit, to- 
gether with the area, volume, and tonnage of asphalt, figuring 70 lb. 
per cubic foot. As this amount of crude asphalt would not produce more 
than a total of 20,000 tons of refined asphalt, it was evident that as 
compared with the Trinidad and Bermudez deposits, which were prac- 
tically inexhaustible, supplying 160,000 and 30,000 tons respectively per 
year to the trade, these deposits in Mexico were negligible as far as the 
business of the world was concerned- 

For use in Mexico, however, with its heavy duty on foreign asphalts, 
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Deposit 

Length, Feet 

Average 
Breadth, Feet 

Average 
Depth, Feet 

Area, 

Square Feet 

Volume, 
Cubic Feet 

Tons 

A 

1,900 

87.6 

1.07 

166,525 

177,999 

6,230 

B 

400 

172 9 

0 44 

69,175 

30,506 

1,068 

C 

800 

32,6 

0 73 

26,100 

19,186 

672 

D 

350 

107 9 

0 28 

37,760 

10,451 

366 

E 

200 

64 5 

0 32 

12,900 

4,106 

144 

F 

1,470 

13 8 

0.38 

20,300 

7,600 

266 

G 

1,050 

47.1 

0 44 

49,450 

22,030 

771 

H 

1,800 

158.1 

0.76 

284,650 

216,006 

7,560 

I 

600 

121.2 

0.56 

72,730 

40,116 

1,404 

J 

1,450 

93.1 

0 94 

135,025 

126,855 

4,440 

K 

350 

75 1 

0 72 

26,275 

18,946 

663 

L 

500 

79 8 

0 53 

39,400 

20,962 

734 

M 

1,200 

31 6 

0.75 

37,880 

28,868 

1,011 

N 

440 

95 5 

1 0 65 

42,010 

27,117 

949 

Total 

12,510 

81.5 

0.73 

1,020,170 

750,768 

26,278 


there was a market, which in connection with the development of oil 
and of agriculture would have warranted the construction of the railroad. 
Just then, however (1905), Mr. Barber and Mr. Garner again took con- 
trol of the Bermudez deposit, and as their interest was in asphalt rather 
than in oil, in 1906 they sold their leases in Mexico to E. L. Doheny and 
associates, and these properties are now among the most valuable be- 
longing to the Huasteca Petroleum Co. A narrow-gauge railroad 30 
miles in length now connects these properties, extending from Cerro 
Azul to San Geronimo. On the Juan Casiano lease is the famous well, 
which during the past four years has produced some 34,000,000 bbl. of 
oil, and is still producing at the rate of 23,000 bbl. per day. Nothing, 
however, has been done with these deposits of natural asphalt, for as 
Mexican crude petroleum, like California crude, has an asphaltic base, 
there can be manufactured out of it an excellent paving asphalt, which is 
now being used in such important cities as New York, Philadelphia, 
and Baltimore. During the present year asphalt manufactured from 
Mexican crude petroleum has been used in paving Fifth Avenue, New 
York City, between 26th and 34th Streets, thus entering into serious 
competition with Trinidad and Bermudez natural asphalts. In the 
development of the oil fields of Mexico, more particularly the district 
between the Panuco and Tuxpam rivers, it is interesting to remember 
that it was the oil seepage (natural asphalt) rather than the oil itself 
which attracted certain capital to this region eight years before its 
remarkable value as an oil field had been demonstrated. 

I. C. White, Morgantown, W. Va. — On my first visit to the Mexican 
oil fields, in 1911, I was accompanied by Seflor Ordofiez, who was the 
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first one to predict the presence of great oil deposits in Mexico and whose 
intimate acquaintance with Mexican geology assisted me greatly in 
obtaining a clear understanding of the vast oil fields of our sister republic. 
It may not be generally known that the most productive oil well ever yet 
drilled in the world's history is located in Mexico, and known as Casiano 
No. 7, situated on the coastal plain about 75 miles south of Tampico, 
25 miles west from the Gulf, and probably 20 miles from the famous Dos 
Bocas gusher. The boring is at the foot of a volcanic hill, 250 to 300 ft. 
in height, and near where a large seepage or petroleum spring had been 
issuing through cracks or crevices in the rocks made by the welling up of 
these geologically recent necks and bosses of diabasic lavas, thus creating 
the dome-like structure in the underl 3 dng Tamosopa limestones, the 
mother rock of the oil, so favorable to the accumulation of oil and gas 
deposits in commercial quantity. This well, which is owned by the 
Huasteca Petroleum Co., a subsidiary of the Mexican Petroleum Co., 
was struck on Sept. 11, 1910, and up to Sept. 11, 1914, when it was just 
4 years old, has produced, according to a telegram just received from 
E. L. Doheny, President of the company, 33,580,000 bbl., and is still 
yielding, at the rate of 20,000 bbl. daily, oil of 22® gravity Baum^ without 
any trace of water, while at the same time emitting daily about 1 0,000,000 
to 12,000,000 cu. ft. of natural gas. When one considers the space 
necessary to hold such an enormous mass of liquid (196,250,000 cu. ft.) 
and 100,000,000,000 cu. ft. of natural gas, even when under the original 
rock pressure of 600 lb. to the square inch, it is realized that the total 
space required to hold this amount of oil and gas would total nearly a 
cubic mile, and that hence the conditions of the rock reservoir or oil pools 
in the Mexican fields must be completely dissimilar to those anywhere in 
North America, or an 3 rwhere else in the world for that matter. In all 
other oil fields of the world, so far as known, the deposits of petroleum 
and natural gas are stored principally in the pores and minute spaces of 
coarse sand and gravel or crystalline dolomite without the intervention 
of any large cavities, but in the case of these Mexican wells that have pro- 
duced such enormous quantities of oil, as Casiano No. 7, Potrero del 
Llano No. 4 and others, it is unbelievable that vast open spaces do not 
exist in the underground limestone reservoirs of these great Mexican 
gushers. Of course the upward bulging of diabasic necks, bosses, and sills 
of lava would open large fissures in the limestone, and the accompan 3 ang 
acidulated waters would doubtless form additional solution cavities, 
the evidence of which Dr. C. W. Hayes, of the Mexican Eagle Co., thinks 
he has seen in specimens of limestone thrown out of his company’s great 
Potrero del Llano well No. 4, located about 30 miles west of Casiano No. 7. 
This famous well of the Mexican Eagle Co. is probably the largest oil well 
ever discovered, since reliable estimates of its production when first 
struck place the output at 150,000 to 160,000 bbl. daily, all of which 
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passed down the Buena Vista and Tuxpam rivers into the Gulf of Mexico 
for a period of 64 days, at the end of which time the flow was turned into 
an earthen reservoir 20 to 30 ft. in depth and covering an area of 65 acres. 
It then by actual gauge registered a production of 100,000 bbl. daily. 
This great well was finally gotten under control, and successfully shut in, 
although the rock pressure was 850 lb. to the square inch. This was done 
in 1911, the well having been drilled unexpectedly into the oil horizon 
about Christmas, 1910. For the last two or three years, it has been 
permitted to produce 25,000 to 30,000 bbl. daily, or as much as the pipe 
lines could transport to the loading stations on Lake Tamiahua, and also 
to the Gulf of Mexico near Tuxpam, where the oil is loaded by a combina- 
tion of pipe line and rubber hose directly into ocean steamers in the open 
Gulf. Reports from Mexico state that this famous well was entirely 
closed in during the recent revolutionary troubles in the Tuxpam region, 
and that within the last few weeks the oil escaping in large quantity from 
seepages through fissures in the vicinity of the weU, had been set on fire, 
possibly by lightning. The well is therefore in great danger from the 
intense heat, which has already destroyed the packing around the Joints 
of pipe lines leading directly from the well, thus permitting a vast amount 
of leakage of oil, which was also burning. The well itself is securely shut 
in under a large mound of reinforced concrete and when I saw it in April, 
1913, there were no indications of extensive seepages of oil anywhere 
near the well. 

When Casiano No. 7 was struck, it was shut in entirely after it had 
flowed for a few hours at the rate of 50,000 bbl. daily. When the oil 
began to spout out of the ground over three or four acres around the well 
at the rate of 4,000 or 5,000 bbl. daily, the General Manager, Mr. Wiley, 
opened the valve which closed the well in, until the rock pressure was 
reduced to only 290 lb. to the square inch instead of 600, the rock pressure 
of the well when entirely closed in. The oil then ceased to spout through 
the ground, but went through the pipe line into a wet-weather pond on 
the borders of Lake Tamiahua until adequate tankage could be rushed to 
completion. It is probable that the pressure in the Potrero del Llano 
well could not thus be relieved on account of lack of storage reservoirs 
during the revolutionary troubles, although at present, in spite of the 
great fire raging near the well from the leaking lead lines and seepages, 
other lead lines not affected by the fixe are reported to be delivering 
30,000 to 35,000 bbl. of oil into tankage to be pumped away to tidewater. 

With such wells as these two monsters, and the area of possible oil 
territory in Mexico only as yet scratched, as it were, it is almost certain 
that in productive capacity of low-grade (22° gravity Baumfi) fuel oil, 
our sister republic is destined to surpass California and all other known 
fuel-oil regions of the world. 
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Gas and Oil Wells through Coal Seams 
A discussion at the Pittsburgh meeting, October, 1914 

George S. Bice, Pittsburgh, Pa. — Undoubtedly there is a serious 
problem through the juxtaposition of gas and oil wells and coal mines, 
not only at the present time, but possibly of far more serious import for 
the future. If one examines a map of the coal fields on which is super- 
posed the oil and gas fields of the country, one finds that they overlap 
to a very great extent. I may say at the beginning that we have not, 
so far as I know, had any very large number of accidents growing out of 
this situation causing loss of life. Such accidents, or rather incidents, that 
have occurred have all been rather potential possibilities for disasters 
due to the leakage of gas from wells into the adjacent coal mines. The 
condition has been most acute in the Fairmont district of West Virginia, 
and in the general coal fields southwest of Pittsburgh in Pennsylvania. 
The accidents which have actually occurred were summarized in Bulletin 
No. 65 (Oil and Gas Wells through Workable Coal Beds) issued by the 
U. S. Bureau of Mines, reporting the transactions of several meetings in 
Pittsburgh, February, 1913, of oil and gas well representives. State ge- 
ologists, State mine inspectors, coal-mine operators, and representatives 
of the U. S. Bureau of Mines. This conference was partly brought about 
through a case in which the Pennsylvania State inspection department 
had brought suit to restrain a gas company from completing a well 
through a certain’mine. The office of the Attorney General of Pennsyl- 
vania asked the opinion of the Bureau of Mines upon the matter; about 
the same time the Association of State Geologists, at its New Haven 
meeting, asked the Bureau to take up the problem. Accordingly, it 
was thought advisable to bring together the several interests. For the 
most part the danger is, I think, greater in the future than at the present 
time. Many parts of the coal fields of Pennsylvania, in Greene County 
particularly, have been penetrated by numerous wells very close together, 
and with the present practice of having a large coal pillar around each 
well, has made or will make the mining of many areas difficult or pro- 
hibitive, There is not time to discuss fully what should be done, but it 
is believed there should be a standardization of the methods. 

W. E. Fohl, Pittsburgh, Pa. — I would like to remark in connection 
with Mr. Rice’s preliminary statement that in all these accidents, the 
accounts of which were collected in the bulletin issued by the Bureau of 
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Mines, not one of them occurred without the presence of an open light. 
The gas which leaked into the mine from some place or other, in some way 
or other, always came in contact with an open flame, and it seems to 
me that that has a highly practical bearing upon the methods of opera- 
tion of our mines. To put it in another way, it seems reasonable to sup- 
pose that if mines, in which these leakages occurred, had been worked with 
safety lamps, such as are used elsewhere on account of the presence of 
marsh gas in the coal itself, none of these accidents wDuld have occurred. 

Protecting Pillars. — It is generally conceded that oil and gas wells 
penetrating workable coal seams require protection from the mining 
operations in their vicinity, although there have been numerous instances 
in the McDonald field where, through lack of knowledge of well loca- 
tions, all the coal has been removed from around the wells without damage 
to them or the miners engaged in removal. 

Various proposals have been made with reference to this protection, 
ranging from the removal of all the coal, substituting an artificial pillar, 
to the leaving in place of a pillar of coal 200 ft. square, containing 0.92 acre, 
which in the Pittsburgh coal seam in this vicinity, having a thickness of 
5 ft., would mean the irreparable loss of nearly 7,000 tons of coal for the 
protection of a single well. 

I think it extremely doubtful that any effectual means of replacing 
the coal in situ can be found, and that it provides the best protection 
against the admission into the mines of deleterious gases in large volumes. 
It does not appear either necessary or advisable that pillars should be 
provided that will be absolutely proof against rupture when the final 
subsidence of the strata takes place after the removal of the surrounding 
coal. The requirement is that they shall keep the well intact during the 
•preliminary breaks, and it must be borne in mind that these take place 
from the bottom upward in such manner that, when the heaviest pressure 
is exerted against the well and its surrounding pillar, actual mining with 
its accompaniment of human labor can only be in progress at a considerable 
distance from the well, this distance varying with the thickness of the 
overlying strata. 

I believe there is a safe size of pillar, well within the limits of the 
maximum size I have quoted, for each of the mining regions in which 
coal, oil, and gas are being removed simultaneously; but experimental in- 
formation for fixing the size of this pillar is not yet at hand. 

The protection of a wall is analogous to the protection of a shaft, 
except that protection for the latter ordinarily comprehends support 
for the more important units of the surface plant. The size of pillar 
actually requisite for these purposes is not susceptible of mathematical 
calculation, as it is impossible to forecast either the volume or the 
direction of the forces which will impinge on the pillar during the sub- 
sidence of the overlying strata. These can only be estimated, and the 



872 


GAS AND OIL WELLS THBOtJQH COAL SEAMS 


following table will show how widely authorities on mining have varied 
in the estimates they have made in this connection. It will be readily 
seen that there is no consensus of opinion among the seven authorities 
quoted as regards any given depth and it will also be apparent that there 
is no regularity of disagreement in progressing from the minimum to 
the maximum depths to which their formula have been applied in the 
preparation of the table. 


Sizes of Shaft Pillars in Accordance with Formulae of Various Mining 
Authorities for Different, Depths from Surface 


Depth from Surface 

Feet 

100 

Feet 

200 

Feet 

300 

Feet 

400 

Feet 

500 

Feet 
600 ! 

1 

Feet 

700 

! Feet 
i 800 



Length of side of square pillar 


Merivale. . . . 

38 

54 

66 

76 

85 

93 

101 

i 118 

Andre 

105 

105 

105 

105 

121 

135 

154 

; 175 

Wardle 

120 

120 

120 

130 

156 

180 

204 

! 231 

Pamely 

120 

120 

120 

145 

169 

195 

220 

1 244 

Foster 

159 

224 

275 

317 

355 

389 

420 

' 449 

Bron 

67 

133 

200 

267 

333 

400 

467 

' 533 

Hughes 

100 

200 

300 

400 

600 ! 

600 

700 

I 800 


In 1910, acting in conjunction with the late James Blick, sometime 
Inspector of Mines for the State of Pennsylvania, the writer advised 
the leaving of pillars for the protection of oil and gas wells as shown in 
the subsequent table. This table was intended for use in the mining of 
the Pittsburgh seam of coal in West Virginia where it had an average 
thickness of 7 ft. and where the extreme depth of cover was 700 ft. 


Pillar Sizes Suggested hy Blick and Fohl 


Cover, 

Feet 

Size of Pillar 
Feet Square 

Area, Acres 

Tonnage Re- 
coverable 

Cover, 

Feet 

Size of PiUar 
Feet Square 

Area Acres 

Area, Acres ^ ^overable 

20 

40 

0.04 

400 

300 

120 

0.33 

3,300 

30 

50 

0.06 

600. 

350 

125 

0.36 

3,600 

40 

60 

0.08 

800 

400 

130 

0.39 

3,900 

50 

70 

0.11 

1,100 

450 

135 

0 42 ; 

4,200 

60 

80 

0.15 

1,500 

; 500 

140 

0.45 

4,600 

100 

90 

0.19 

1,900 

1 550 

145 

0 48 ' 

4,800 

150 

‘ 100 

0.23 

2,300 ' 

600 

155 

0.65 , 

5,500 

200 

110 1 

0.28 

2,800 ' 

650 

165 1 

0.62 

6,200 

250 

115 

0.30 

3,000 ( 

700 

1 

175 I 

1 ' 

0.70 

7,000 


Although this table was constructed only after a careful examination 
of the mining conditions in the region where it was intended to be applied 
and after a careful consideration of all the available literature on shaft 
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pillars, it was recommended only tentatively and was accompanied by 
the following suggestion: 

''We have in mind as a suggestion that two wells might be drilled and cased 
to the coal. One of these to be located near a barrier pillar, so that after the coal had 
all been removed up to and surrounding three sides of its supporting pillar, access 
could be had from the remaining side, making it possible to drive narrow headmgs 
through it to observe the crushing effect of the overlying strata. Another with its 
supporting pillar might be left as an island of coal in a considerable area of gob and 
observations taken as to the effect of removing the surrounding coal, both on the 
surface and on the casing of the well. The most important information, however, 
could be secured by a careful watch and instrumental location of all surface breaks 
at all of the mines of the Coal Company, during the same time, with a simul- 

taneous location of the position of the inside workings at the time breaks were made. 
From these it should be possible to determine to a nicety the extreme angle at which 
the strata may be expected to break over the solid coal and from this the size of pillar 
necessary could easily be established.’* 

So far as the writer has knowledge, none of the observations here 
named has been made either in the West Virginia region for which 
they were suggested, or elsewhere; but if, as he believes, a pillar of coal 
in place is a necessity, it is very certain that its size can be determined 
only by practical experiments along the lines here suggested. 

M. B. Layton, Pittsburgh, Pa. — During the past few years there has 
been considerable discussion among coal, oil, and gas operators as to the 
method of drilling through coal measures, having in mind the conserva- 
tion of life and property. Recently there was held in this city a confer- 
ence between the coal, oil, and gas operators and the U. S. Bureau of 
Mines. As a result of these meetings a committee was appointed to pre- 
pare and present a bill to the State Legislature of Pennsylvania, covering 
what was agreed upon at this conference as the best method of drilling 
oil and gas wells through coal measures. The speaker was a member 
of this committee, and after considerable labor a bill was drafted and 
presented to the State Legislature, which passed first reading, and then 
passed into the archives of bills which never again see the light of day. 
Why? None of the committee knows. This was a great disappoint- 
ment to the committee, as the bill as drafted by the coal, oil, and gas men 
was considered a safe and sane method of drilling through coal measures, 
having in mind the conservation of life and property. The oil and gas 
operators are very anxious to remove as far as possible anything that 
would result in the loss of life or property. 

In diseussmg the drilling of gas and oil wells through coal measures 
the speaker believes it advisable to discuss the subject in the following 
m ann er: Location of well; diameter of hole and casing; the manner of 
protecting casing through the coal seams; and the plugging of abandoned 
wells. 

The location of a proposed well should be determined by a survey, 
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showing the courses and distances from two permanent points on the 
boundary of land upon which the proposed well is located, giving the name 
of adjoining tracts, township, and county. If the tract is in a locality 
which is being operated for coal, a copy of the description of plat should 
be filed with the coal operator. Should the proposed location be such 
that the bore hole would pass through an entry or room in the mine, the 
same should be re-located so as to pass through the solid coal except 
in case of an abandoned mine, providing it does not pass through an entry 
which is in use for free air to another part of the mine in operation, or a 
passageway for men to get to and from their work. 

Where the coal is in place a hole of a diameter 4 in. greater than the 
inside diameter of the outside casing to be put through the coal shall 
be drilled at least 30 ft. below the bottom of the coal bed. Within this 
hole shall be placed the casing, the space between the outside of the 
casing and the wall of the hole to be filled with cement mortar to a height 
of 30 ft. above the top of the coal bed for the purpose of excluding water 
from the coal bed. 

Where the coal is removed and the mine excavation is inaccessible, a 
hole of a diameter sufficiently large to permit the setting of a liner 4 in. 
larger in diameter than the inside diameter of the casing to be put through 
the coal shall be drilled at least 30 ft. below the bottom of the coal 
bed. Within this hole shall be placed a liner 4 in. larger than the inside 
diameter of the casing, and extending from the bottom of the hole 
to at least 30 ft. above the top of the coal bed. A string of casing shall 
be placed within this liner and the space between the liner and casing 
filled with cement mortar to the top of the liner. To exclude water, the 
space between the casing and the wall of the hole and immediately above 
the liner shall be filled for a distance of 10 ft. with cement mortar. 

When the coal is removed and the mine excavation is accessible, a 
suitable retaining wall is laid in cement mortar about the casing. This 
wall shall extend from 2 ft. below the mine floor to the roof of the mine, 
and be of such size as to retain from 4 to 6 in. of cement mortar about 
the casing. This work to be completed before the well is drilled to a 
greater depth. 

To the speaker, the greatest danger arises in the improper plugging 
of abandoned wells. There is no part of the work which has been carried 
on in such a haphazard way. Wells drilled through coal beds, upon 
abandonment should be filled solidly with rock sediment, sand, clay or 
other suitable material, from the bottom of the well to a hard and firm 
stratum below the last string of casing set in above the stratum pro- 
ducing gas or oil. At the top of the lowest producing sand two wooden 
plugs at least 3 ft, in length should be placed; these to be of size or diame- 
ter of the hole and driven into place, and on top of the plugs 10 or 12 
ft. of clay should be placed and thoroughly tamped down for the purpose 



GAS AND OIL WELLS THKOTJGH COAL SEAMS 


875 


of preventing the passage of gas, oil, or water. Immediately below the 
seat of each string of casing there shonld be driven a seasoned wooden 
plug, and spaces between wooden plugs should be filled solidly with rock 
sediment, clay, sand or other suitable material; as the casing is withdrawn, 
all plugs should be driven in place. In a well where the casing has been 
cemented in, the outer casing may be cut off at a point not less than 50 ft. 
above the coal bed and removed, but in any event, the hole should be 
filled to the surface. 

The great difficulty has been a lack of co-operation between the gas 
and oil operators and the mine operators. There must be a hearty co- 
operation and fairness on the part of each of them if we would conserve 
life and property. We need a stringent law which would work no injury 
to either party, and pliable enough to let either party get his product out 
of the ground at the least possible cost. The procedure suggested does 
add considerably to the cost of each well, and in following it the gas and 
oil operator would, as far as we can see at the present time, have done all 
that he can to safeguard the interest of the mine operator and workmen, 
and they in turn should be willing to furnish complete details of their 
minOs, so that in the making of locations the well operator would not 
interfere with the coal operator. 

With this in mind, on the part of the gas and oil well operators, we 
desire to impress on you this idea; That the oil and gas well operators are 
willing to go to any extent that is reasonable to protect life, and remove 
from the oil and gas operators the accusations that some have endeavored 
to place on them — ^that they are responsible for explosions in mines, which 
I very seriously question. In drilling through coal measures we fre- 
quently find large bodies of gas in the coal, and after an explosion has 
taken place it is impossible to determine from where the gas comes. 

What I have had to say to you is the result of considerable thought on 
the part of the coal and oil and gas men during the past two years in our 
meetings in preparing the bill and at Harrisburg. 

Gboege S. Rice, Pittsburgh, Pa. — ^There was one point I would like 
to hear further discussed by Mr. Layton. If I understood him correctly, 
he spoke as if it would be unreasonable for the coal operator not to leave 
a piUar of coal around a well. For the protection of life, where no other 
adequate means presents itself, a coal pillar should be left around the well, 
whether paid for by the mine operator or the gas or oil well operator. 
In -my contact with the able representatives of the latter I have found 
them willing to do everything which they consider essential for safety, 
but the question is, What is necessary for safety? To solve this question 
satisfactorily the measures adopted must be acceptable to the mine opera- 
tor, the oil and gas well operator, the m i ners whose safety is concerned, 
and the people as a whole, who are concerned in conserving all the 
mineral resources, coal, oil, and gas. The safest thing would be not to 
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mine the coal at all in the vicinity of gas or oil wells, or not to drill the 
wells in the vicinity of the minesj but this is not a practical solution, as 
generally the ownership of the coal, the oil and gas, and even the surface, 
is in separate hands, and each wants to realize on his investment. Hence 
the need of an orderly, systematic, and safe method of procedure, with a 
minimum loss of coal while obtaining the gas and oil. 

Now, concerning the leaving of pillars, probably the larger the pillar, 
the safer the condition, but if you have holes drilled only 500 or 600 ft. 
apart on an average, and leave a pillar of 200 ft. square, or even 100 ft. 
square, you have very little coal left. If a miner does go on and mine in 
and around such pillars there will be enormous wastage of coal, because 
it is not practicable to go in and remove these separate pillars after the 
gas wells have been exhausted. Therefore, some reasonable compromise 
has to be made in this matter. 

From the standpoint of safety, it is desirable to have the pillars as 
large as possible, but in the interest of the conservation of resources it 
is desirable to have them as small as possible. Somewhere between, 
there must be a compromise. 

M. B. Layton.— Mr. Rice seems to get the wrong impression of this 
idea of drUling through coal measure. When the coal has been taken 
out, the surface breaks down, and aU that the gas and oil ■well operators 
want is enough coal or concrete around the casing to protect it from sul- 
phur water. The life of the ordinary gas and oil well is short, and we 
are certain of the result which will eventually come in the district in 
which the coal is mined, as to the sinking and breaking down of the 
strata covering coal measures. If the territory is drilled before the coal 
is taken out and the casing in the well has been protected as suggested, 
and in case of abandoned wells properly plugged, there will be no danger 
of gas escaping into the mine, and you have no right to ask the gas and 
oil well operator to buy the coal in order to get at the product from 
below, when he is willing to spend his money in doing everything that 
is possible for him to do to safeguard and confine the gas in the casing, 
and in the case of abandoned wells, to the gas-bearing sands or strata. 

Geoege S. Rice. — ^Bupng the coal would not meet the proposition 
of conservation. 

M. B. Layton. — Conservation of life is the important thing to us, 
and I desire to state most emphatically that the greatest danger from gas' 
escaping into coal measures is from the improper plugging of abandoned 
gas and oil wells. 

E,. D. Hall, New York, N. Y. — It seems to me that possibly the gM 
men and the oil men are partly to blame for the difficulties they have 
■with the coal o'wners because of their desire to drill a great number of 
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wells. The mining operators could possibly manage to continue min- 
ing around gas wells without marked danger if the wells were not so 
frequent. The coal men could either leave big pillars to protect them, 
if pillars are desirable, or arrange to take the coal out around them in 
such manner as to do the least detriment to the wells. But the oil and 
gas men have drilled holes with such extreme frequency that in certain 
districts it is almost impossible to make any arrangements at all to 
safeguard the wells. The gas and oil men seem to have much faith in the 
strength of the little concreted pipe stems which they are putting down 
through the earth. If they had had more experience in mining they would 
realize what terrible catastrophes sometimes occur in mines, and how large 
an area will sometimes cave in at one time, and they would realize the 
titanic forces with which their little pipe stems are endeavoring to cope. 

A little while ago, in Oklahoma, there was a squeeze which suddenly 
shut in 13 men. They have never been recovered. The cover of the 
mine at the deepest point was about 700 ft. It was a huge working with 
about 15 levels. All of a sudden the mine closed in almost all over. 
When you are dealing with forces of such magnitude, it is hard to arrange 
any protection at all for the pipe lines. PiUars 100 ft. through, and 
even more, have been crushed down with a general movement of the 
mine. It seems that the oil and gas men ought not to put down so many 
holes. Indeed, it appears unnecessary that there should be so many. 

It also is apparent that the mining authorities ought to regulate 
their work in such a way that there would be the least danger when 
the falls take place. There are parts of England to-day where coal is 
being mined all around the shaft. No shaft pillar is left, the operators 
depending on the symmetrical falling of the rock to prevent any dis- 
tortion of the cageway. And as a result of these precautions there is 
very little of such distortion; in fact, it is doubtful whether just as good 
results cannot be obtained without a shaft pillar as with one. So with 
proper arrangements it may be safer to take out all the coal around the 
bore hole than to leave a pillar, unless that pillar is so immense as to 
be unquestionably adequate. For it must be remembered that the strain 
does not cease at the edge of the pillar, but extends well over it. That 
has been recognized for years, and that action has been said to be due to 
the “draw.” It can be very easily seen how logical that is, because when 
we build continuous bridges which pass over several abutments we have 
to put tension members on the top of the bridge over the abutments, or 
there will be a breakage of the bridge on the top of the abutment, despite 
the fact that there is a support at that point. And the strain those ten- 
sion members have to sustain is conaderable. So it is true that there 
is a tensiohal stress which is important, even where the pillars are ex- 
tremely wide. It is in providing for this stress of the measures above the 
coal pillar that we find our perpetual risk. It is questionable to my mind 
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whether it would not pay the operator to take out aU the coal around the 
pipe, meantime taking precaution to make the workings symmetrical 
around the bore hole, but that cannot be done as long as the oil and gas 
men persist in putting down so many holes. 

David T. Dat, Washington, D. C. — Mr. Hall speaks as though he 
was laboring under the idea held by some people who are not in the oil 
and gas business, that they drill gas and oil wells for fun. It is very costly 
fun, and I doubt whether in these days, particularly in Pennsylvania 
and West Virginia, any oil or gas hole is drilled on a man’s own property, 
which it is not absolutely necessary to drill. In an anthracite mine gas 
frequently comes through the coal so rapidly as to make a singing noise. 
The coal does not hold the gas back at all, apparently. What is the use 
of leaving any pillar walls? It is of no use in holding back the gas. 
One inch of cement will hold better than any 10 ft. of coal column. 
The very important feature was brought out by Mr. Hall, of the chances 
of the pipe and cement collapsing, unless it is excessively thick, where 
collapsing of all sorts is taking place in the mine. These are matters which 
must be given very careful consideration, especially where the chances 
of deflecting that pipe by roof falls, etc., ia the mine are imminent. These 
may be greater in other mines than they are in the mines of Pennsylvania 
and West Virginia, but still they must be considered. If Mr. Rice will 
give us the plans which he has in view for substituting columns of some 
sort that will keep the pipes from breaking, that will help the subject 
considerably. 

George S. Rice. — ^There is hardly time to discuss that matter because 
it involves questions of mining and looks, possibly, a little too much to 
the future. I am strongly convinced that the hydraulic method of stow- 
ing the workings, not filling afterward as practiced in the anthracite 
district, but as the face advances, in the way now practiced in many Euro- 
pean mines, is one that we will come to ultimately in this country. If 
such hydraulic filling is done, we know, from very positive data that 
we have, that with the proper filling material we can keep the total 
subsidence down to 5 to 10 per cent, of the thickness of the excavation, 
and the overlying strata goes down so evenly that it is not ruptured. 
I was much interested a couple of years ago in visiting a mine under the 
famous Krupp works in Germany, where the government had previously 
forbidden the Krupps to take out the coal, which they owned, under a 
certain million dollar building because it was manufacturing ordnance; 
out when this system of hydraulic filling had proved itself so effectual 
elsewhere they were permitted to mine out all the coal, and it was taken 
out without any trouble whatever to the building, through the employ- 
ment of hydraulic stowing. If you can go under a great building of that 
kind with its foundations and all its daborate machinery, it certainly 
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would not be very difiScult with comparatively flexible pipe arrangements 
to take up any small subsidence which might occur. Therefore, I think 
we can look forward to a time when we can mine right along without re- 
gard to drill holes; but that is looking entirely to the future, because it 
will add to the cost of mining. I cannot see that it can be done at the 
present time. However, I do think that, even at the present time, in 
some instances in the course of pulling the mine pillars where the coal bed 
lies horizontally, it may be possible to remove the pillar around a well by 
substituting a careful packing of rock and refuse, and arranging the casing 
with a slip joint at the bottom of the mine workings, the inner casing 
or tubes carrying the gas being free or unattached to the outer casing. 
With this arrangement, described' at the conference of 1913, the 
outer casing, which is gripped by the surrounding strata, would be 
carried down with it gradually as the packing is compressed, without 
disturbing the inner tubes, which will rest on the strata underlying the 
coal bed. The packing in such cases would need to be carefully done, 
with special reference to the general withdrawal of the neighboring 
pillars, to obtain a regular and vertical subsidence. However, even if 
there was some side movement higher up, the casing and the free inner 
tubing would probably be only bent and not ruptured, and, with the 
maintenance of a free vent to the atmosphere between the outer casing, 
or casings, and the inner gas tubes, there would seem to be no danger 
of gas leakage into the mine. 

R. D. Hall. — I think the remarks relative to gas and oil wells not 
being drilled for fun possibly overlooked certain facts. The main reason 
for drilling so many holes is to make the fields produce large quantities 
of gas and oil in as short a time as possible, with the idea of producing 
the greatest profit from each field with the least amount of expense, 
which is a perfectly natural desire. But on the strength of that anxiety 
of gas and oil men the coal operators have been obliged to leave pillars 
and hunt around for pieces not so drilled. Thus their mining work has 
been delayed and their profits reduced. I may here add that these 
profits are very much less than the gas and oil men are getting. Another 
reason why the oil and gas men put down so many holes is that their 
territory is pretty thoroughly broken up. They do not buy contiguous 
and continuous territory, and as a result are trying to drain one another’s 
property by their holes. And this method of operation is not really 
advantageous to the public generally. 

0. P. Hood, Pittsburgh, Pa . — It has been my opportunity during 
the last year to observe the operations in Oklahoma, and see what changes 
might be desired in the regulations drawn up a year ago. I think I 
may say that we feel like placing more dependence on mud and less 

^BuSelin No. 65, U. 8. Bureau of Mines, pp. 15 to 18 (1913). 
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dependence on cement, wherever it is used. In plugging wells, we are 
growing a little surer every day that the substitution of clay or mud 
for wood plugs or cement plugs is the proper thing, and that the pro- 
tecting of pipe lines by something put between casings, as Mr. Layton 
suggests, is better done with plain mud than it is with cement. 

G. A. Buerell, Pittsburgh, Pa.— Our natural gases usually contain 
other combustible constituents than methane. The paraffin hydro- 
carbons, other than methane, amount to about 14 per cent, in natural 
gas, whereas in normal mine air methane is practically the only com- 
bustible constituent, so that by a careful chemical examination of the 
mine air the presence of natural gas might be detected in time to avert 
a large inrush. 

David T. Day. — It has been stated that no mine accident, due to the 
gas escaping from gas wells into the mines, has occurred except where 
there were open lights. I would like to know whether the analj'ses of 
the Tm'np. air, as far as they have been available in such eases, have indi- 
cated a tremendous inrush of gas entirely out of proportion to the 
proportion of natural gas found in anthracite mines or under normal 
conditions in gaseous mines, or whether the same condition practically 
exists in both stages. 

G. A. Bueeell. — The quantity of methane that comes from some 
anthracite mines per 24 hr. is equivalent to that coming from some 
gas wells. 

Geoegb S. Eice.— I might bring to mind the one especially historic 
case of the Fairmont mine in West Virginia, where a certain well, which 
had not been commercially successful, was capped and in some way the 
gas pressure became equalized through the different casings. Inner 
casings had been used, but all the casings were covered by a large cap over 
the outer casing and the openings closed. The pressure was said to 
have been about 1,000 lb. per square inch. The well passed through a 
mine (No. 47) but was surrounded by a large pillar, about 126 by 380 
ft. in area. There was another mine (No. 49) adjoining, separated from 
the first mine by a barrier pillar about 75 to 100 ft. in width. On a 
Saturday or Sunday night when the mines were not in operation and the 
fans had been shut down, the mines being considered non-gaseous, 
explosions occurred in each of the two adjoining mines, due to the men 
going in with open lights and igniting gas. Fortunately there were but 
few men in the mines, and the mines were very well protected from dust 
explosions through efficient humidifying, so that the explosions were 
local and only three men were killed. It was quite freely admitted what 
the conditions were, and the details have been published in a paper by 
one of the coal operator’s engineers in the Transactions of the West Virginia 
Mining InstitiUe for 1911. It was found after the explosion that there 
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were a series of gas blowers issuing from the floor for a distance of about 
2,300 ft. in a diagonal line extending across these pillars. It is supposed 
that there may be a line of structural weakness through the strata, and 
at some deeper point gas leaking from the well under this high pressure 
had burst up through the floor of the mine. When the cap over the 
casings was taken off these blowers ceased. Samples were taken from the 
blowers, the analysis of which showed it to be natural gas, and not mine 
flredamp or methane. But it is easy to see from this case that if you have 
a leakage of such a nature, a more serious disaster might result. 

David T. Day. — It is hard to conceive of a well being kept closed 
for commercial reasons, with so high a pressure. 

W. E. Fohl. — The well had not been abandoned. It was simply 
inconvenient to use the gas on account of its being distant from pipe 
lines. The capping of it was a mistake. It had an outlet, but by mis- 
take of a man in the field that outlet was closed. The pressure, as it 
was told to me, was 900 lb. 

M. B. Layton. — We frequently abandon a well in a field with a rock 
pressure of several hundred pounds, but the volume of gas is so small 
that it does not pay to operate the well. 

George S. Rice. — ^While a well may produce too small an amount 
of gas to be commercially of value, if it is inclosed, or filled in merely at 
the top, as has sometimes been done, instead of filling from the bottom, it 
presents a serious menace to a mine. Though the daily flow may be 
small, or even insignificant, if the pressure is high a large amount may be 
stored under a pressure of many atmospheres; then if tapped in the mine, 
it will rush out, and when mixed with 18 times its volume of air makes a 
great body of explosive gas with tremendous possibilities for danger to 
life. I call to mind two instances where uncharted, abandoned wells, 
of which there were no traces on the surface, were encountered in mining; 
in one of these instances the casing through the coal was still in place 
when struck by the mining machine; as the casing was not broken, the 
leakage was not sufficient to be serious. In the other instance the casing 
had been pulled and the gas came out in volumes and was ignited. 
Fortunately it was ignited before it became mixed with the air, so it 
merely burned. While this caused a serious mine fire which involved 
closing the mine for a period, the drill hole was located by surveying and 
probing, and was then redrilled, cased from below the coal, and vented to 
the surface. The mine fire was finally smothered by the erection of 
underground stoppings; but there was serious loss of output for the opera- 
tor, and loss of wages for the miners, which would have paid many times 
over for original complete filling of the well. 

Another lesson to be drawn from this is that there should be a law 

VOL. L. — 66 
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compelling the public filing of a map to show the exact location of every 
well, together with a complete record showing the depth of hole, the 
character and position of all casing left in the hole, and of the plugging or 
filling. Our State geologists would like even more information about the 
wells made a matter of record; but there might be some argument raised 
against giving complete records of the strata, and the gas, oil or other 
mineral found, but surely there can be no serious objection to the records 
needed for the safety of future mining, not only in the upper coals or 
other mineral beds, but also beds at lower horizons not now commercially 
workable. 

George S. Rice. — I think those who were not present at the con- 
ference a year ago, realize the amount of work that has been done and 
the amount of material threshed over before the suggested laws were for- 
mulated. It seems to me the greatest danger is from small wells, 
and those are the ones which frequently have the highest rock pressure. 
That is the reason it is necessary, in plugging wells, to fill them solid from 
the bottom to the top, so there is no chamber where gas could accumulate. 
I think most of the accidents, outside of the one at Fairmont, have 
occurred in the striking of wells, and the sudden liberation of a small 
pocket of gas. That is the danger in the old abandoned wells, and that 
is the object of these specifications for filling wells with soft material from 
bottom to top. 

Another thing that should be mentioned in connection with this is 
the mud-laden process of drilling wells. I know that certain rather large 
oil and gas interests think that the drilling of wells by the mud-laden 
process will eliminate all troubles. Now it is expressly stated by the 
bulletin on this subject that to utilize the gas which is shut off in this 
process, you simply pump in the head of water, and the rock is filled with 
the sediment that is deposited automatically. The sediment in this 
process is clay, largely colloidal in character. And that condition will 
be maintained by the extraction of salts from the well walls. I think we 
can all conceive conditions in which the head of water would not be main- 
tained, and the sand would be automatically opened up. 
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Chlorides in Oil-Field Waters 

Reply to discussion of the paper of C. W. Washburnb, Trans., xlviii, 687 to 694. 

C. W. Washburne, New York, N. Y. (communication to the 
Secretary*). — Professor Lane makes an interesting contribution to the 
study of chloride waters, in saying that calcium chloride waters occur 
not only in the greenstones of the Lake Superior copper mines, but also 
in the interbedded felsitic conglomerates and “in far-removed sand- 
stones, e.g., near Whitefish lake, and Ontonagon, in the Michigan iron 
mines, and in the Storm King granite.” Surely these are not connate 
waters preserved from the Algonkian sea, assuming that the Algonkian 
sediments are marine rather than continental. Finding the same 
type of water in the Storm King granite points rather toward an abyssal 
source. The possible connection of these waters with the magma of 
the greenstone is immaterial, although some basic calcic magma is 
the most probable source. It is to be expected that the ascending 
water of the region would be found not only in the greenstones, but 
in all the rocks which it could penetrate. 

The ascent of water of this kind along vertical passages, and the con- 
sequent addition of a common ion to the circulating sedimentary salt 
solutions, would explain the precipitation and localization of the “giant, 
concretionary” salt plugs of the Gulf Coast, without making the ex- 
cessive demand for an improbable quantity of salt in the adjacent 
sediments that is required by the unmodified theory of Harris. With- 
out such a precipitating medium most of the dissolved sodium chloride 
would have been lost by passing on to the surface without precipitation. 
The base to which the chlorine ions were attached is immaterial, provid- 
ing they were sufficiently concentrated, but the presence of the chlorides 
of calcium and magnesium in the solutions is indicated by the associated 
bodies of secondary dolomite. 

Volcanic free chlorine or hydrochloric acid could not migrate far 
without picking up bases, which would be largely magnesium and calcium 
if the source were in underlying plugs of magnesio-calcie magmas. 
Rocks of this type reach the surface near by in the peridotite dikes and 
pipes cutting Cretaceous strata at the inner margin of the coastal belt 


* Received Mar. 6, 1915. 
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in southeastern Arkansas,* and in the many dikes and plugs of olivine 
basalt cutting Cretaceous and Eocene strata in Mexico, along several 
hundred miles of the coastal belt itself. Where the stratigraphic cover 
is thicker, and the fracturing apparently less intense, as in Louisiana, 
coastal Texas, and southern Mexico, it is quite reasonable to believe 
that the intrusions failed to reach the surface and are deeply buried, 
manifesting themselves only in the peculiar phenomena of the salt plugs 
of these terminal regions. 

Besides the Arkansas and Mexican intrusions, there are peridotite 
dikes of unknown age, Triassic or later, cutting Carboniferous strata 
in Elliott and Crittendon counties, western Kentucky,® one of which 
extends into southern Illinois. Also there are dikes of similar peridotite 
at Syracuse® and at Ithaca,* New York. It is suggestive that all of 
the intrusions in or near the eastern group of American oil fields are 
of this ultra-basic type. Wagner® says that the New York, Kentucky, 
and Arkansas peridotites are essentially identical with the diamond- 
bearing kimberlites of South Africa. Sir Henry Roscoe® extracted 
aromatic hydrocarbons from the kimberlite of the Kimberley mine. 
In the Kentucky peridotite, or kimberlite, as Wagner calls it, Diller 
recently has found particles of metallic iron suggesting the carbide- 
bearing iron in a basic phase of similar rock at Ovifak, Greenland. The 
Arkansas peridotites carry diamonds. All of the Mexican intrusions that 
I examined, some 20 or more, contained oil. In Cuba there is a striking 
association of oil with serpentine, including many occurrences. The 
appeal to magmas of peridotite nature is therefore not far fetched. In 
many respects these rocks resemble the meteorites in which hydrocar- 
bons have been found, which are supposed to be fragments of dis- 
rupted asteroids or other heavenly bodies. The inorganic nature of the 
meteoric hydrocarbons is, of course, unquestionable. 

From these and other arguments it seems that the hypothesis of 

* J. C. Branner and R. N. Brackett: American Journal of Science, 3d ser., vol. 
xxxviii, No. 223, p. 50 (July, 1889). Q. F. Kunz and B[. S. Washington: Trans., xxxix, 
169 to 176 (1908). A. H. Purdue: Economic Geology, vol. iii, No. 6, p. 625 (Aug.— 
Sept., 1908). Include references to diamonds. 

* J. S. Diller: American Journal of Science, 3d ser., vol. xxxii, No. 188, pp. 121 to 
126 (Aug., 1886); Bvfletin No. 38, U. S. Geological Survey (1887); American Journal of 
Science, 3d ser., vol. xliv. No. 262, p 286 (Oct., 1892). 

*G. B[. Williams: American Journal of Science, 3d ser., vol. xxxiv, No. 200, p. 
137 (Aug., 1887) ; Bulletin of the Geological Soeiely of America, vol. 1, p. 633 (1889) ; 
Science (Mar. 11, 1897). C.'H. Smyth, Jr.: American Journal of Scimee, 4th ser., 
vol. xiv, No. 79, p. 26 (July, 1902). 

* Gfeorge C. Matson: Journal of Geology , vol. xiii, No. 3, p. 264 (Apr.-May, 1906). 

* P. A. Wagner: The Diamond Fields of Southern Africa, p. 106 (Johannesburg, 
1914). 

* Proceedings of the Manchester Literary and Philosophical Society, vol. xxiv, p. 6 
(1885). 
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the igneous origin of oil has sufficient elements of probability to be 
worthy of consideration, at least tentatively. The method of multiple 
working hypotheses, developed by Chamberlin,’^ is the only scientific 
way to attack a problem of this kind, in order to be able to perceive all 
of its various significant features. In this way we have the best oppor- 
tunity of finding conclusive scientific evidence of the origin of oil, which 
is completely lacking to-day. It is possible, moreover, that the conflict- 
ing evidence will ultimately be harmonized by the conclusion that some 
crude oils are of organic, others of inorganic, origin. The conservative 
student will reserve judgment until a complete theory is developed and 
tested in the field and laboratory. 

Every one will agree with Hunt, Becker, Lane and others, that the 
composition of the ocean must have been changed by contributions from 
the rivers, also that juvenile and volcanic waters may have affected it, 
especially in pre-Cambrian time. Under the planetesimal hypothesis 
of Chamberlin,* all surface waters were derived originally from the 
interior of the earth, and the composition of the primitive ocean would 
be nearly that of the juvenile waters of the time. The calcium chloride 
waters in the Algonkian and other rocks of the Lake Superior region 
conceivably may be of this nature, if they have risen from the Archean. 
Whether they are called “connate-Archcan” or “juvenile” is immaterial. 

We do not know the original composition of the ocean and there are 
only hypotheses of the rate and character of the changes it has under- 
gone. However, under any hypothesis, there has not been sufficient 
time since the Paleozoic to account for the amount of change in sea 
salts that is required by the theory that, in the deep wells under considera- 
tion, the waters are connate with the strata now containing them. 
Considering only the ratio of Na:Cl, some of the well waters would 
represent an ocean only one-fourth, others one-half, as old as the present 
sea. If allowance be made for any sodium in the original sea water 
they would be correspondingly older. Under the connate-water hy- 
pothesis, they should occur, therefore, in the pre-Cambrian rather 
than in late Paleozoic formations. 

The composition of the Paleozoic sea water is largely hypothetical. 
It has been suggested, on biological grounds, -that it must have exerted 
approximately the same osmotic pressure as to-day in order to have 
supported the same types of life. If so, the pressure was maintained 
by greater dissociation, because the Paleozoic sea water must have 
been more dilute than now. Yet the very deep well waters are con- 
centrated brines, one of them having about seven times the salinity 
of modern sea water. To apply the connate hypothesis to these waters, 

' Journal of Geology, vol. v, No. 8, pp. 837 to 848 (Nov.-Dee., 1897). 

* Chamberlin and Salisbury: Geology, vol. ii. See also R. T. Chamberlin, The 
Gases in Rocks, Carnegie Institidion Publication No. 106, pp. 70 to 75 (1908). 
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it is necessary to assume that they were concentrated by evaporation, 
either before or after burial in the sediments. The former would be 
possible locally, where shallow, semi-detached enibayments and small 
inclosed* seas permitted great evaporation, but it could hardly explain 
the frequency of deep concentrated waters in many places. The latter 
method, concentration in the rocks, is possible on the assumption that 
there are rising rock gases, which drive the water out and evaporate that 
left behind in the deeper rock pores. Neither of these hypotheses has 
much strength at present, and I have hesitated to suggest the latter, 
which if carried far would choke the passages with mineral matter. 
This would explain the cessation of the ascent of water in ore veins, etc., 
but it is doubtful that the choking of the passages would not occur too 
early to permit the effective operation of the process. More likely there 
is also water rising with the gases and keeping the passages open, but 
in any case it seems likely that these deep ascending waters are strong 
solutions. The dryness of the deep rocks can be explained possibly 
better by the process of capillary concentration, described in another 
paper.® After the cessation of water circulation, by the exhaustion of 
the magmatic or other source, or the closing of communication, the 
nearly stagnant water may have been transferred to the finest pores and 
joints by capillary exchange with the rock gases, which would be con- 
centrated in the larger openings. The water would not flow readily 
from these minute capillaries into mine workings. 

The theory of non-migratory connate waters fails especially to account 
for the wide variation in the ratio of Na : Cl, as well as its great defect 
below any ratio possible in late Paleozoic times. A modified theory 
would be more acceptable, by assuming that the deep well waters have 
risen from different horizons of originally connate waters in the basal 
Paleozoic and pre-Cambrian rocks, in which the ratio of Na : Cl might 
be as low as in the well waters. Thus they would not be connate with 
the strata now containing them, which they would have invaded from 
below. 

The evidence of the analyses consists in an excess of chlorine with 
reference to sodium which is far above anything possible in stagnant 
connate waters. The simplest explanation is that there has been a 
direct contribution of calcium and magnesium chlorides, the salts to 
which the present excess chlorine must be assigned in calculating the 
analyses. This would be effected by the ascent across the strata of water 
resembling that in the ancient rocks of the Lake Superior region, and its 
mixture with overlying connate waters. 

In examining the analyses of Ohio waters I was struck by the number 
of analyses in which the ratio of Na : Cl is almost the same as in the water 
of the existing ocean. In some analyses not only this ratio but also the 


® The Capillary Concentratioa of Gas and Oil, this volume, p. 829. 
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percentages of sodium and of chlorine in the total salts are almost the 
same as in modern sea water. These must be true connate waters 
and they indicate a surprisingly small subsequent modification in sea 
water. In examining the few analyses of waters in oil fields in Tertiary 
strata I failed to find any which did not appear to be greatly contaminated 
with the local circulating ground water. It seemed unfair and meaning- 
less to use the brines from the salt plugs of the Gulf Coast, although they 
present some interesting features. 

Professor Lane doubtless has studied this question much more 
thoroughly, and I await with interest his paper on the chemical evolu- 
tion of the ocean. It will be surprising, however, if he can manage to 
explain the great and widely varying excess of chlorine in the water of 
the deep wells of Pennsylvania and Ohio, by the unmodified connate 
hypothesis. His seas must have changed remarkably in composition 
from place to place, unless he admits with me that the waters may have 
risen from different horizons of connate water in deeper strata, or else 
that there must have been extensive contributions of more deep-seated 
(juvenile?) waters in calcium and magnesium chlorides. In either case 
an ascent across the strata is required. 

Professor Lane finds “a serious difficulty” in getting the chloride 
waters across the St. Peter sandstone, because where that formation can 
be drilled it now contains a comparatively fresh artesian water. How- 
ever, it should be noted that wells in the oil fields cannot reach the St. 
Peter sandstone, and that we do not know the character of the water 
in that formation beneath the oil pools. From our experience in the 
deep wells of oil fields we may suspect that the water of the St. Peter 
sandstone beneath the oil fields may not have the same character as in 
the areas of artesian circulation, but that it contains either a brine or 
a sulphur water, or more probably that it is dry at such great depths. 

An identical case is furnished by the Dakota sandstone of Colorado, 
which commonly contains an artesian circulation of somewhat alkaline 
but comparatively fresh sulphato-carbonate water similar to the common 
ground water of the outcrop region along the front of the Rocky Moun- 
tains. Yet the same sandstone contains aij entirely different water 
beneath the Florence oil field; namely, a hot water, highly charged with 
hydrogen sulphide and with salts, in which I believe the sulphates and 
chlorides^® are most conspicuous. This water was encountered in a 
well drilled near the southeast margin of the field, where the strong solu- 
tion quickly corroded away the iron casing, and also in the well on the 
northwest side of the field which now supplies the Canyon City swimming 
pool. Similar hot sulphur water escapes from springs in the margin of 

Written in the field, from memory, without notes: subject to error in the char- 
acter of the salts. 
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the granite west of Canyon City, pointing to its source. If we had only 
the evidence of the artesian wells in the Dakota sandstone of the surround- 
ing region, we would never suspect the existence of this type of water in 
the same formation beneath the Florence oil field. It is quite possible 
to make the same mistake in connection with the St. Peter sandstone. 

The localized occurrence of the hot sulphur water in the Dakota sand- 
stone of the Florence oil field is probably not without significance, 
because sulphur waters are generally characteristic of the Rocky Moun- 
tain oil fields, especiaUy in Wyoming, and of many other oil-bearing 
regions j the Apscheron peninsula, the Gulf of Mexico, the deep 

sands of California, etc. Sulphur has an association with oil similar 
to that of chlorine, which at once suggests the fact, discovered by students 
of ore deposits, that sulphur and chlorine are the principal mineralizers 
of the basic magmas, as distinguished from fluorine, etc., for the acid 
magmas. It is to ultra-basic magmas that the supporters of the volcanic 
hypothesis must look for the source of oil. The true reason for the as- 
sociation may be far different from the one suggested, but that it is a 
real association, not without some significance, cannot be doubted by 
any one familiar with the phenomena of the different oil fields of the 
world, in all of which, so far as I know, one or both of these substances, 
sulphur and chlorine, are conspicuous. 

I would like to ask the students of ore deposits how they explain the 
fact that the ground water appears to have a lower limit. The joints 
cannot be tightly closed at the depths attained by mines. ^\'hy has 
the water ceased to flow at these depths where it formerly deposited 
minerals? Why should it be so concentrated at some deep places, as 
in the lower levels of Lake Superior copper mines? Do you think 
the water could have been shoved out by ascending rock gases? Have 
you any pressure records, or analyses, of deep-mine gases that suggest 
an outward creep, or diffusion, of abyssal gas, such as that furnished 
by the helium of the Kansas natural gas? Can you apply the process 
of capillary concentration to explain the dryness of the deep fissures? It 
seems to me that you have some problems in common with those who 
are studying oil fields, and that it would be profitable for us to get 
together with our various lines of evidence and our different methods. 

Postscript.*— I have contended that the composition of certain 
deep underground waters indicates that waters rich in chlorine have 
ascended across the strata, from lower sources. Professor Lane argued 
that the freshness of the water in the St. Peter sandstone is difficult to 
explain, if highly saline waters have risen across it. To this I replied 
that the fresh waters characterize areas of artesian circulation, and that 
we do not know the character of the water in that sandstone beneath 


* Received May 20, 1915. 
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the oil pools. I ventured the suggestion that if we could examine the 
water of the St. Peter sandstone beneath the oil pools, we would find it 
to be strongly saline, or rich in hydrogen sulphide, or, more probably, 
that the sand would be dry at great depths. This suggestion was made 
from analogy with the behavior of the strongly artesian Dakota sandstone, 
whidh carries hot sulphur water beneath the Florence oil field, Colorado, 
and from the common behavior of the sands of Pennsylvania where they 
descend deep in the sub-Appalachian geosyncline of the oil and gas region. 

The suggestion is confirmed by the recent observations of Munn, in 
the oil and gas fields of southern Kentucky, where he reports salt water 
and sulphur water at different places in the St. Peter sandstone within 
the oil districts. The St. Peter sandstone and the overlying Ordovician 
limestones carry a little oil in that region, but most of the production is 
from fissured and cherty parts of the Mississippian limestone. 


Bulletin No, 579, U. S, Geological Survey, pp. 16, 17 (1914). 

^^Loc. ciL, p. 52. The Kentucky drillers report sulphur water as ‘‘Blue Lick” 
water. 
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The Occurrence, Preparation and Use of Magnesite 

BY li. C. MOEGANEOTH, PITTSBtTEG, PA. 

(Pittsburgh Meetiag, October, 1914) 


Magnesite hath Massive and Crystalline 

Magnesites are of two general classes — massive and crystalline. 
Massive magnesite occurs in serpentine, being formed by the breaking 
down or decay of serpentine-making minerals or rocks as olivine, etc. 
(All the magnesia contained by the olivine is not liberated, as a portion 
goes to make up the serpentine; the breaking up of this serpentine later 
forms more magnesite.) Serpentine in various stages of transformation 
is found in the vicinity of magnesite deposits. 

Massive magnesite is very widely distributed. It is found in Greece, 
California, Africa, India, Australia, Mexico, South America, and deposits 
of varying sizes occur in several of the European countries. Those on the 
island of Euboea, Greece, are probable the most important deposits of 
this character of magnesite. They have been worked for a number of 
years, the principal quarries or mines being 3 miles in the interior from the 
village of St. George. (St. George is on the west coast of the island, 
between the towns of Limni and Khalkis.) (Figs. 1 and 2). The magne- 
site occurs in veins or lenses in serpentine. Some of these lenses are very 
large; one worked several years ago was approximately 50 ft. in thick- 
ness, 75 to 100 ft. high and 300 ft. or more in length. The magnesite is 
pure white and makes a very prominent feature of the landscape. 

While massive magnesite is widely scattered over the world, many of 
the deposits are in veins too thin to work. The usual mode of occurrence 
is in the form of stock work, the deposits in Venezuela, Mexico, and 
many of those in California, being of this form. The veins vary in thick- 
ness from the thinness of paper up to several inches, running in all direc- 
tions, occasionally leading to a mass or nucleus of some size. The spaces 
between the veins are filled with a disintegrated serpentine in the form of 
sand. Several of the deposits in California would probably be workable, 
if they were more favorably situated with reference to transportation, but 
by far the majority of the deposits are too poor to work. At one deposit, 
worked several years ago, they were handling 4 tons of refuse to 1 ton of 
magnesite. 

In the preparation of this magnesite for use the orocess is practically the 





Fig. 2. — Mej-t anb Women Working in Magnesite Quarry, Isuanb op Euboea, 

Greece. 
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Fig. 1. — Magnesite Quarry on Island op Euboea, Greece. 
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same as that which will be described under preparation of the crystalline 
variety; with the exception that the magnesite is not dead-burned, being 
burned only to what is known as the “caustic” state. In this form it 
contains 2 to 5 percent. CO 2 . The reason for this is that caustic magne- 
site is used for a different purpose than that of the crystalline. 

Crystalline Type Found only in Austria-Hungary 

Crystalline magnesite is found practically only in Austria and Hungary. 
It occurs in dolomite to which it owes its origin. The steps in the forma- 
tion of the magnesite are represented as follows: 

Magnesium bicarbonate penetrating limestone forms dolomite. A 
further percolation of magnesium bicarbonate in the dolomite forms 
magnesite; later, the more soluble calcium carbonate is washed out. 
The finding of a large number of crinoidal segments in the magnesite and 
dolomite attests to limestone being the origin. This magnesite is rarely 
pure, nearly all containing carbonate of iron. Iron solutions were pene- 
trating the limestone at the same time as the magnesium bicarbon- 
ate; in fact, it iS considered that the magnesite occupies one end of a 
chain of minerals, and iron carbonate, siderite, the other. (Important 
iron-ore deposits are found in the same dolomite bed.) 

Metamorphosis probably plays an important part in the structure of 
magnesite. It is probable also that this has a bearing aside from the 
chemically combined iron on the particular adaptability of this magnesite 
for use in the metallurgi cal industries. Crystals when examined under the 
microscope show distortion due to pressure from the folding of the beds, 
also indicating that various changes have taken place after ci-ystals were 
formed. The magnesite from its crystalline structure is sometimes 
known as pinolite magnesite. The crystals of magnesite are often inclosed 
in a thin skin of talc, which accounts for the AUOj and the SiOz found in 
all analyses. Talc is sometimes found in large amounts in the same beds, 
but there is no direct connection between magnesite and talc, except 
that they occur in the same limestone beds. The talc is generally found 
between the magnesite and the limestone. At one locality in Hungary a 
quarry originally worked for talc was later operated for magnesite. 

Geologically the crystalline magnesite probably belongs to the Carbon- 
iferous period. Carbonaceous slates are found with it and small isolated 
veins of coal have been noted, while graphite is mined at various points. 
The basal bed is a black clayey slate. 

The crystalline variety of magnesite differs markedly from the massive. 
The massive is a white chalky-colored mineral, but the crystalline is a blue- 
gray or drab, or rather a mixture of crystals of various shades of grays and 
drabs. Both the massive and the crystalline magnesite may sometimes 
have a yellowish tinge, due to surface stains. The massive variety has a 
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rough, earthy fracture; the harder varieties break with sharp edges and a 
more or less conchoidal fracture. The crystalline varieties break more 
irregularly. The crystalline variety may have pieces of black slate 
scattered through it giving it a decidedly mottled appearance. Dolomite 
in the form of splotches or veins shows distinctly light or white 
against the gray or drab background. 

The beds in which the magnesite is found in Austria and Hungary follow 
more or less a northeast and southwest line that would about cross between 
the cities of Vienna and Budapest. The valleys of the Danube and its 
tributaries divide these deposits into two groups. The Austrian group 
extends across the province of Steiermark, with its western extremity 
near the city of Salzburg and its farthest eastern deposit near the town 
of Gloggnitz. The biggest deposit in this group is near the town of Veitsch. 
The Hungarian deposits have their western extremity near the village of 
Divin; the eastern extremity is not clearly defined and may extend into 
Russia. The largest deposits in Hungary are midway between the towns 
of Jolsva and Nyustya. It is not to be inferred that magnesite is found 
throughout the entire district between these extremities in either country. 
The magnesite occurs only in isolated lenses, and while some of these lenses 
are very large, many are too small to be worked profitably. It is 
probable that commercially workable deposits in Austria and Hungary 
do not exceed a dozen in number. 

Mining and Preparation 

The method of mining and preparing magnesite in Austria and 
Hungary is practically the same in aU plants. Following is a descrip- 
tion of the Veitsch operation, as this deposit is the oldest and one 
of the largest found in Austria-Hungary. The deposit is a huge lens 
found in an isolated hill surrounded on all sides by barren rocks. It is 
on the outskirts of the village of Veitsch, which is about 65 miles south- 
west from Vieima. The entire top of the hill is magnesite. From the 
top to the base of the magnesite is from 700 to 800 ft., the bottom of the 
magnesite being about half way down the hill. The quarry is worked in a 
series of steps or levels about 50 ft. apart vertically, which are clearly 
indicated in Fig. 3. 

The material is blasted out of the solid in the ordinary manner of 
rock quarrying. The magnesite is broken to one-man pieces, or less, 
and any particles of dolomite and quartz carefully sorted out. 
In the best deposits there is always a large amount of this gangue. 
Practically one-half of what appear to be levels of the quarries are spoil 
banks. The magnesite, loaded on tram cars, is lowered by gravity planes 
to the base of the hill, where the works are situated. Here it is burned in 
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Pig. 3. — Famous Magnesite Quarry at Veitsch, Austria, 
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continuous kilns of the bottle variety. These kilns burn on the average 
12 to 15 tons in 24 hr. As a rule, producer gas is used as fuel. Within 
the last few years several plants have installed kilns of the rotary or 
cement type to burn the magnesite, powdered coal being used as fuel. 
The capacity of those rotary kilns is probably 50 to 60 tons in 24 hr. The 
magnesite can be burned as thoroughly in these kilns as in the bottle 
kilns, but they have one disadvantage, in that a larger percentage of 
fines is produced. 

The magnesite as burned in the bottle kilns is drawn about every 6 hr. 
(Fig. 4) . It is quenched with water and then passes through a crusher, which 
reduces it to the size of a walnut or less. It is then screened, being sepa- 



Fig. 4. — Calcining Plant, Island of Euboea, Greece; Calcined Magnesite in 

Foreground. 


rated into three sizes. From the screens it goes to the picking tables, 
where the underburned pieces of magnesite, together with (any dolomite 
or quartz which was too small to be removed at the quarries, are picked 
out. The largest sizes of magnesite are again crushed and these smaller 
pieces are re-picked. The magnesite finally is crushed to the size of 
corn, again picked over, and then put in sacks holding from 150 to 200 lb. 
In this shape it is shipped to the user. Magnesite in burning loses 
about half its weight in the passing off of the CO 2 . No effort is 
made to save this gas. Within recent years an economy has been effected 
in the picking or sorting of magnesite by the installation of magnetic 
separators. Magnesite containing iron is readily separated in this 
manner. 
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Distinct Type in Norway and Sweden 

A distinct type of magnesite is found in Norway, near the town of 
Snarum. It occurs as small veins in serpentine, but unlike other mag- 
nesite in serpentine it is crystalline. The crystals are small and uniform 
in size and are distinctly different from the crystalline variety of Austria- 
Hungary. It is white or tinged green or yellow from the particles of 
serpentine which are more or less intimately mixed with the magnesite. 
At present there is only one deposit worked, and this in a very small way. 
It is doubtful if the deposits will ever amount to much commercially, on 
account of the limited amount of magnesite of good quality. 

In Sweden similar deposits are found. On account of their situation, 
operating and transportation charges would be excessive and it is doubt- 
ful if they will ever be able to compete with the much cheaper magnesite 
of Austria-Hungary. 

Uses of Magnesite 

Magnesite is used in three forms: Crude, or unburned; bmmed to 
the caustic state; and dead-burned. 

Crude Magnesite. — The principal use of crude magnesite has been 
in the manufacture of carbon dioxide gas. The use of magnesite for this 
purpose is decreasing rather than increasing, due to the fact that the 
manufacture of gas from this material can only be a financial success if 
the residue of burned magnesite can be disposed of. This residue con- 
tains too high a percentage of CO 2 for use even as caustic magnesite. It 
is also too impure to be used in the manufacture of various forms of 
magnesia used medicinally. 

Caustic Magnesite. — This is magnesite that is not thoroughly calcined. 
As it comes from the kilns it may contain 3 to 4 per cent, of COj. It is 
burned at a temperature of about 1,100° C. In this form when mixed 
with magnesium chloride it forms an exceedingly strong cement, which 
is used in the manufacture of artificial marble, flooring, etc. Various 
fillers such as talc, sand, saw dust, etc., are used. These cement mix- 
tures are known under various names, such as “sorel cement,” “oxy- 
chloride cement,” etc. Probably over 90 per cent, of the white or 
massive magnesite is used in the caustic state for the above purposes. 
Caustic magnesite deteriorates rapidly by the absorption of CO 2 and 
moisture from the air, so that in the course of four or five months it will 
contain two or three times as much gas as it did when it first came from the 
kiln. 

Dead-burned Magnesite. — This is magnesite that contains less than 
1 per cent, of CO 2 or that has been so thoroughly calcined that there is 
no deterioration or reversion on exposure to the air by the absorption 
of CO 2 . It is this form of magnesite that is used in the TnnTring of the 
bottoms of open hearths and for the manufacture of magnesite brick. 
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The crystalline variety of magnesite is used exclusively for this purpose 
and Austria-Hungary may be said to furnish it all. (It is a difficult 
matter to dead-burn the white or massive variety, due to the fact that it 
decrepitates or burns to powder before all of the gas is driven out. In 
Greece, where formerly a small amount of dead-burned magnesite was 
produced, it was only possible to dead-burn it by including lumps of 
magnesite that had small pieces of serpentine adhering to them. In the 
kiln this serpentine fusing held the magnesite in more or less lump form 
and allowed of a more thorough burning.) . Austro-Hungarian magnesite, 
on account of its containing chemically combined iron, is much more 
readily calcined to the dead-burned state. It is also on account of this 
iron content that it is far more suitable in the making of open-hearth 
bottoms and in the manufacture of brick, for the iron fusing causes 
the magnesite to set. It may be possible to get the same results by 
using the purer massive magnesite by mixing some iron with it, but 
dead-burned white massive magnesite cannot compete with the Austrian 
or Hungarian variety in point of price. A few magnesia brick are made 
from the massive variety where a brick of special purity is desired or 
where a more highly refractory brick than one made from the Austrian 
or Hungarian magnesite is required, as in certain metallurgical processes 
or in electric furnaces. 

The Austro-Hungarian calcined magnesite received in this country 
is in the form of grains, ranging in size from particles the size of corn to 
powder. Approximately 50 to 60 per cent, of the magnesite is used in 
this form, t.«., is not manufactured into brick, this use being in the making 
of bottoms of open-hearth steel furnaces. Although the bottoms of the 
furnaces are made of magnesia brick, the bath is not allowed to come 
directly in contact with the brick, a bottom of 15 to 20 in. of magnesite 
grains intervening. This bottom is made by sintering the magnesite 
graijpis in place in layers of § to 1 in., until the requisite thickness is ob- 
tained. From time to time erosions occur in the bottom and along the 
side walls, which are repaired by putting in more magnesite grains. 

Maguesite bricks are used in electric furnaces, melting, heating, 
welding furnaces, etc. During the last couple of years the adoption of 
magnesia brick for linings of copper converters has become almost uni- 
versal. The siliceous h’ning good for three or four blows, formerly in use, 
has now been replaced by magnesia brick lasting a year or two and good 
for 15,000 to 20,000 tons of matte. 

The United States government reports a total consumption of 
magnesite for the year 1912 as 103,000 net tons. 


VOL. L. — 57 
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Discussion 

D. T. Day, Washington, D. C I would like to hear some further 
detail as to the California deposits. 

L. O. Mobganboth, Pittsburgh, Pa.— We have examined the Cali- 
fornia deposits at various times; I have been over practically all of them 
myself. These deposits are all of the massive variety. While It is pos- 
sible that it could be mined and used for metallurgical purposes, it is not 
feasible because it costs too much. At the present time magnesite which 
is mined in California is used in the making of plaster, or by the paper 
trade. Careful figures show that if the California magnesite could be 
delivered to Atlantic seaports in the crude state at not over $4 a gross 
ton, and assuming that it would give the same results as the Austro- 
Hungarian magnesite, it would be cheaper to use the latter. It is also 
more difficult to dead-burn the massive magnesite, for while it starts to 
give up its gas readily, the difficulty consists in driving off the last few 
per cent., and unless this is driven off the magnesite will absorb CO 2 
from the air, so that in a few months it may have 10 or 12 per cent. 

David T. Day. — How is the Austro-Hungarian supply at the present 
time? 

L. C. Mobganboth. — There is little scarcity at this time. There was 
a large stock in this country at the time the war broke out. Due to the 
curtailment of the iron and steel industry, many of the largest steel 
companies have a sufficient amount of magnesite to last them a year at 
the present rate. It is also possible to get magnesite at the present time; 
in fact, several cargoes are expected in before the first of the year. There 
will be an increase in the price, due to a much higher ocean rate. 

David T. Day. — How thick are the Austrian deposits? What prepa- 
ration does it receive at the quarry? 

L. C. Mobganboth. — Some of these deposits are very large, several 
containing over 5,000,000 tons and one probably twice this amount. 

The magnesite as it occurs is mixed with dolomite veins and sometimes 
with quartz veins. The labor at the quarry consists in picking these 
impurities out, the magnesite being broken down to small lumps and all 
pieces of dolomite or silica adhering to same chipped off. There is 
always a certain amount of dolomite that cannot be separated in this way, 
but ^ter the magnesite is burned it shows lighter against the magnesite 
and this is picked out by hand. Within recent years magnetic separators 
are bdng used, which are apparently working very satisfactorily. 

David T. Day. — ^How thick are the seams in California and how do 
they compare with the deposits in Greece? 

L. C. Mobganboth. — ^The California deposits do not compare with the 
deposits in Greece as to size. Most of the CaMomia deposits are in very thin 
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veins, some being but several inches in thickness, and while they may run 
into a mass of about a ton, the majority of them are even smaller. There 
is one comparatively large deposit near San Francisco. It is lens-shaped, 
probably 40 or 50 ft. in thickness, with its length undetermined. However, 
it is 40 miles from the nearest railway station, where the material was being 
delivered by automobile trucks. At the time of my visit, several years 
ago, it was not being operated, and I do not believe it has been operated 
since. The stockwork variety of magnesite is also found in Venezuela 
and in Mexico. Some of the deposits in Greece are very thick. One 
noted was 50 to 60 ft. in thickness, 150 ft. high and several hundred feet 
in length. If there was a market for the massive variety of magnesite 
along the Atlantic seaboard it would be cheaper to bring it from Greece 
than from California. 

David T. Day. — ^A great deal has been imported from Greece, has 
it not? 

L. C. Morganroth. — At one time some amounts of the crude Grecian 
magnesite were brought to this country for use in the manufacture of 
CO 2 gas, but I doubt if the importations for any one year ever reached 
10,000 tons. At the present time all that is received comes in the 
caustic state. 

E. G. Spilsbury, New York, N. Y. — What is the cost of transporta- 
tion from the mines in Austria-Hungary to the seaport? 

L. C. Morganroth. — The cost varies, depending on the location of 
the quarry, ranging from $2 to $3 per metric ton. 

E. G. Spilsbury. — ^What is the cost in California of transporting it 
to the railroad or to the seaport? 

L. C. Morganroth. — I cannot give any exact figures on this, but 
from inquiries made believe the lowest freight rate from any good deposit 
to a seaport would be $2. The rate of ocean shipment from a Pacific 
seaport through the Panama Canal to an Atlantic seaport would probably 
be $5 to $6 a ton. If there was use for the California magnesite, the cost 
of delivering Grecian would be considerably less, as the quarry is located 
within three miles of the coast, where the calcining kilns are located, the 
magnesite being delivered to the kilns by an aerial tram. The ocean rate 
from Greece to Atlantic seaports ranges from lOs. to 12s. a ton. 

. David T. Day. — ^If this deposit near San Francisco were nearer the 
railroad, would there be any hope for that? 

L. C. Morganroth. — ^Very little; for in addition to the advantage 
that the Grecian would have over it with no railroad freight rate and 
lower ocean rate, labor is much cheaper there. 
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E. G. Spilsbuet. — What is the practical difference in chemical com- 
position between the California and the Grecian variety? 

L. C. Mobganboth. — ^Practically none. 

David T. Dat. — Is the California variety near San Francisco any- 
thing like as pure as the Grecian? 

L. C. Mobganboth. — Yes, but the veins are thinner. 

David T. Dat. — ^B ut it is thicker than the Swedish? 

L. C. Mobganboth. — Yes. The Swedish, as I have stated, is a 
distinct variety, but it is very impure, being very intimately mixed 
with serpentine. Probably 60 per cent, of the vein as mined is waste. 
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The Origins Mining and Preparation of Phosphate Rock 

BY E. B. SELLABDS, TALLAHASSEE, ELA. 

(Pittsburgh Meeting, October, 1914) 

Phosphate rock like most other mineral substances is found in nature 
in varying degrees of purity. Of the impurities that are present some are 
constituents of the rock itself; others are inclusions of a foreign substance 
within the rock; while still others represent merely associated materials or 
minerals, either clinging to the rock or found in cavities and natural 
depressions, and hence largely removed in mining. Some of these impun- 
ities are distinctly deleterious to the processes of manufacture for which 
the phosphate is mined, while others, although neutral in action or nearly 
so, yet by their presence reduce the average grade of the rock and thus add 
useless bulk to the shipment. 

It is the object of refined processes of mining to bring the product, as 
delivered from the mine, to the highest possible grade consistent with 
the market requirements and demands. This, however, is not accom- 
plished without actual loss in the form of discarded phosphate. It is 
evident, therefore, that the devising of methods for reducing this loss in 
mining, and yet maintaining the grade of the rock which the market 
requires, is one of the serious problems that the producers have to face. 

Minerals op Phosphate Rock 

The minerals included under the term “phosphate rock” are the 
calcium phosphates. Of these, apatite is perhaps the most definite 
and constant in composition, although of this mineral two varieties 
are recognized, namely, fluorapatite, Ca5(P04)3l’, and ehlorapatite, 
Ca5(P04),jCl. Moreover, the calcium of this mineral may be partly 
replaced by manganese, forming yet another mineral, manganapatite; or 
the mineral may become hydrated, formir^ hydroapatite, which is found 
as mammillary deposits often not unlike chalcedony in appearance. The 
term “phosphorite” has been applied to the massive amorphous deposits 
of phosphate, which may be compact, earthy or concretionary.*- Among 

^ Dr. Austin F. Rogers, -who is investigating phosphate minerals, states that phos- 
phorite or phosphate rook seems to be a mixture of two minerals, amorphous coUo- 
phanite, largely a solid solution of calcium carbonate in calcium phosphate, and crys- 
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other varieties of apatite may be mentioned staffelite, which contains a 
small percentage of both iron and aluminum. It is of interest to note 
also that this variety is believed to result from the action of carbonated 
waters on phosphorite, and hence is likely to occur incrusting ordinary 
phosphate rock acted upon by carbonated waters. Another variety, 
pseudoapatite, contains both sulphur and carbon dioxide. Of the many 
other calcium phosphate minerals some closely' approximate apatite 
while others grade into compounds so variable and indefinite in composi- 
tion as scarcely to be classed as minerals. The deposits of phosphate 
found in nature evidently contain a number of calcium phosphate 
Tninftrn.1a j the constituent impurities of which affect the market value of 
the rock. The aluminum phosphate, wavellite, should also be mentioned 
since it is mined to some extent as a source of phosphorus. 

Associated Minerals 

Various other minerals in nature are found associated with the calcium 
phosphates. This association is sometimes due to actual relationship 
between the minerals. On the other hand, the association of minerals 
may be purely accidental, or incidental to the manner of formation of the 
deposits. With regard to the related minerals, it is apparent that where 
the calcium phosphates are abundant, other phosphates are likely also 
to occur. In fact it is scarcely to be expected that extensive calcium phos- 
phate deposits will be found without the presence of at least a limited 
amount of other phosphate minerals. This is particularly true of iron 
and aluminum phosphates. These two bases are widely disseminated in 
nature, and moreover they combine readily with phosphoric acid to form 
phosphates. Of the iron phosphates, the mineral vivianite, although 
occurring in relatively small quantities, is widely distributed in nature, 
and may occur in limited quantities in phosphate deposits, usually as an 
incrustation, or as an alteration product of other minerals. The iron 
minerals frequently form in bogs, and it is an observed fact that the phos- 
phate deposits in such localities not infrequently contain more iron than do 
the same deposits when found on the uplands. In such cases the iron is 
doubtless a comparatively recent infiltration, and may include phosphates 
of iron as well as oxides and other iron minerals. Of the aluminum 
phosphates a large number are known, one of which, wavellite, as alre.ady 
stated, is mined as a source of phosphorus. This mineral and others of 
the aluminum phosphates are likely to occur in association with calcium 
phosphate. 

Some of the large phosphate deposits have been formed by the replace- 

talline dahllite, a calcium carbouophosphate witk tbe formula 3 Cat(F 04 )i.CaC 0 i, 
analogous to fiuorapatite. The amorphous coUophanite gradually changes to the 
crystalline dahllite. (Personal letter of May 23, 1914.) 



MINING AND PBEPAEATION OF PHOSPHATE BOOK 903 

ment of an original rock by calcium phosphate. In this process parts of 
the original rock not infrequently remain unchanged or incompletely 
phosphatized. Since the phosphatizing processes proceed from the sur- 
face, the imperfectly phosphatized remnant is likely to lie within the rock, 
thus giving rise to included impurities that are difficult to eliminate. 
Moreover, small amounts of clay and silica are usually found in the lime- 
stone, and as these substances do not readily phosphatize, if not leached 
out, they remain as impurities in the rock. 

Aside from these related minerals, the materials associated with the 
phosphate rock are varied in character. They include clay, fragments of 
limestone, flints, gravel, silica in the form of sand, and other resistant 
materials, the character of which is determined by the manner of forma- 
tion of the deposits. The associated materials of this nature make up the 
matrix in which the phosphate rock is imbedded. It is scarcely possible in 
mining to remove entirely all associated minerals, and the purity of the 
rock as delivered to the market is affected, without doubt, by the pres- 
ence of more or less of these minerals, as well as by the constituent impuri- 
ties of the rock. 

Objectionable Impxjbities 

Of the impurities contained in or associated with phosphate rock, 
the most objectionable in the processes of manufacture of acid phos- 
phate for fertilizers, for which purpose the phosphate rock is almost 
wholly used, are iron and aluminum. For this reason practically all 
phosphate mined is sold under a guarantee that the combined iron and 
aluminum, expressed as oxides, do not exceed a given small percentage 
of the whole, from 2 to 4 per cent, being allowable. Iron when present 
in excess of about 2 per cent, brings about reactions which result in the 
formation of a gelatinous substance injurious to the mechanical condi- 
tion of the mixture, occasioning also a loss of soluble phosphoric acid. 
A first step in the reaction with the iron is probably as follows: 2FePOi 
“h 3 H 2 SO 4 = 2 H 3 PO 4 Fea(S 04 ) 3 . Of the sulphate of iron thus 
formed, a part, according to Fritsch,* reacts on acid phosphate of lime, 
thus forming the objectionable gelatinous precipitate. Owing to the 
demand of calcium sulphate for water, hydrated iron phosphate, which 
is a product of these reactions, may subsequently become dehydrated 
and insoluble, thus causing the loss of available phosphoric acid. 

Aluminum existing as a silicate in phosphate rock is likely to be 
injurious, since according to Fritsch, if not decomposed by the acid, it 
may cause a part of the phosphoric acid to retrograde. However, when 
existing in the rock in small amounts as a phosphate, the aluminum is 
supposed not to occasion a loss of phosphoric acid, both the hydrated 


* J. Eritsch: The MamfaeluTe of Chemusdl Manuree, p, 79 (1911). 
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and the non-hydrated phosphate being soluble in the precipitated condi- 
tion in phosphoric acid. 

Carbonates of calcium when existing in small quantities in phosphate 
rock, are beneficial rather than injurious. When the ground rock is 
treated with acid the carbonate is the first of the ingredients to be 
attacked, and the heat thus engendered promotes subsequent reactions 
among the other constituents. Moreover, the carbon-dioxide gas given 
off from the carbonate lightens the mixture and facilitates drying. Phos- 
phate rock low in or lacking carbonate develops little heat in mixing, 
and reacts slowly. In such cases this constituent must be added. It is 
true that the presence of the carbonate necessitates the use of an increased 
amount of acid, which in turn results in the formation of an increased 
amount of calcium sulphate or gypsum. The amount of carbonate that is 
desirable is sometimes given as 5 per cent., but the limits are not strict, 
and the manufacturers do not as a rule find it necessary to specify directly 
the amount of the carbonate that the rock must or must not contain. 
Indirectly, however, an excess of the carbonate is guarded against by other 
requirements as to the grade of the rock. If it is true as elsewhere stated 
in this paper that the principal mineral of the massive phosphate deposits 
is a calcium carbono-phosphate, this fact will afford an explanation of the 
presence of the desired amount of carbonate in all phosphate deposits of 
this class. 

The fluorine found in phosphate rock, upon being attacked by the acid, 
forms hydrofluoric acid gas which passes into the atmosphere, it being 
estimated that as much as from 50 to 66f per cent, of the fluorine 
present is eliminated in this way. Although a small amount of acid is 
used up in this reaction and a proportionate amount of calcium sulphate 
formed, yet it is seldom, if ever, necessary to specify against the fluorine 
content of the rock, the amount present being negligible. 

Among the numerous other impurities that may be present in phos- 
phate rock, silica and clay are perhaps the most common. Here also 
should be mentioned moisture, which when present not only adds bulk 
to the shipment but also interferes with the processes of manufacture. 
The excess of moisture must, therefore, be removed by drying, not more 
than 3 or 4 per cent, being allowable in the rock as shipped. 

The Oeigin of Phosphate Deposits 

The origin of phosphate deposits is such that the presence of associated 
minerals as well as constituent impurities is almost invariable. The 
original source of phosphorus, the constituent for which phosphate rock 
is mined, is in igneous and crystalline rocks, where it wrists in combination 
with other elements forming phosphate minerals. These minerals, as 
indeed is true of all minerals, are soluble in water, the degree of solubility, 
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however, varying with the different minerals, and with the diverse condi- 
tions to which they are subjected. Indeed, some very interesting and sug- 
gestive observations have been made on the relative solubility of phos- 
phates under varying conditions. Thus it has been shown that the solu- 
bility of the phosphate minerals is increased by the presence of decaying 
organic matter in water. They have also been found to be appreciably 
soluble in carbonated waters. In this connection Reese® has made the 
very important 'observation that while the phosphate dissolves freely in 
waters containing decaying organic matter and in carbonated waters, 
yet when allowed to stand over calcium carbonate, the phosphate is rede- 
posited. In summing up his observations Reese says: “This experiment 
shows that phosphates may be transported in hard waters, but on standing 
on calcareous beds would tend to be given up.” In speaking of hard 
waters the author evidently has in mind waters containing, among other 
things, carbon dioxide in solution, and his conclusion is that such waters 
will or may drop the calcium phosphate from solution when they stand 
over limestone. These observations, if true, have two important corol- 
laries, one of which has been noted by Clarke,^ namely, that in the pres- 
ence of the carbonate, the phosphate would probably not be dissolved, 
while the carbonate could pass into solution, thus leaving the enriched 
residue of phosphate. The second corollary is that calcium phosphate 
taken into solution by the soil waters at and near the surface may be 
thrown out of solution in case the water stands for a time at a lower level 
in the eartb on or over limestones. That this process may have been and 
probably was a factor in the formation of large phosphate deposits rest- 
ing upon limestone will be shown in the subsequent pages of this paper. 

The rain water in passing through the soil and surface materials 
receives organic acids from the decay of vegetable and animal matter. It 
also receives carbonic acid which is held in solution, the water thus 
becoming carbonated, and hence more efl&cient as a solvent. The original 
rocks and the soils derived from them contain particles of the phosphate 
minerals, which when acted upon by the ground waters pass slowly into 
solution. It is through the solution of the mineral, its removal and sub- 
sequent redeposition that workable phosphate deposits are formed. 
When it is remembered that the phosphorus in the igneous rocks amounted 
to merely a fractional part of 1 per cent, of the whole,® and was without 
doubt originally widely disseminated, the importance of the processes of 
concentration of the mineral by ground water and the extent to which 
they have operated becomes evident. 


* Ameriean Journal of Sdenee, 3d series, vol. xliii, p. 402 (1892). 

* Bulletin No. 330, U. 8. Geological Survey, p. 443 (1908). 

•According to Clarke, 330, U. S. Geological Surveg, p. S2 

of phosphorus in the lithosphere is 0.11 per cent. 
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The removal of the mineral from the original rocks and its concentra- 
tion in later rocks is by no means a simple process. There are as a rule 
many intermediate stages, the load being taken up, dropped again for a 
time, only to be once more started on its journey. Among the primary 
results of concentration and enrichment may be mentioned the phos- 
phate deposits of the crystalline rocks, where the mineral is found in 
veins, being more or less perfectly crystallized as the mineral apatite. Of 
deposits of this class some, including those of Canada, are of economic 
importance, and would be more extensively worked were it not that other 
and more cheaply mined phosphate deposits are available. 

Of the phosphate taken into solution by the ground water a part is 
taken up from the soils through the roots of plants, and thus becomes a 
constituent of the plant life of the earth. From the plants the phos- 
phorus passes to plant-eating animals, and through them to carnivorous 
animals. Phosphorus thus becomes a constituent of the organic life of 
the earth. The bones of the vertebrate animals in particular contain an 
appreciable amount of calcium phosphate. It seems well established also 
that certain of the important phosphate deposits, as well as the guano 
deposits, are derived from excrement and remains of gregarious animals, 
particularly birds. It is also true that a part of the phosphate taken into 
solution by the ground waters is again thrown out owing to changed chem- 
ical conditions, and in this way important phosphate deposits are formed. 
In either case, however, the phosphate may be regarded as only tempora- 
rily delayed in its round of circulation. Ultimately phosphate is carried 
in solution in the ground waters through springs and rivers to the ocean. 
While the amount in solution at any one time is relatively small, yet, 
through the continued operation of this agency over long periods of time, 
a large amount has reached the ocean. 

The phosphate carried into the ocean is again removed from solution 
through the agency of organic life, or, owing to changed chemical condi- 
tions, is precipitated. Of the animals that utilize phosphorus taken 
from the sea water in the construction of a shell covering or skeleton, 
the best known perhaps is the brachiopod, Lingula, the shell of a recent 
species of which has been found to contain 85.79 per cent, of calcium 
phosphate. The tests of the Crustacea, although less distinctly phos- 
phatic than the shell of Lingula, contain an appreciable amount of phos- 
phate. Thus the shell of a recent lobster was found to contain 3.26 per 
cent, of calcium phosphate, while the lobster as a whole contained 0.76 
per cent.® The aquatic plants also utilize some of the phosphorus in 
solution in the water and through them the phosphorus passes to the 
skeleton of vegetable-eating aquatic animals, and through them in turn 
to the carnivorous animals. 


* Bulletin 330, U. S. Geological Survey, p. 448 (1908). 
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The phosphorus taken from solution by chemical action is evidently 
considerable, since nodules of chemical origin, high in phosphates, are 
found somewhat abundantly in the bed of the ocean. Some of these 
nodules, reported by Clarke,'' contain 19.96 to 23.54 per cent, of phos- 
phoric acid. 

The amount of phosphate that finds its way into the sedimentary 
formations through organic and chemical agencies is thus undoubtedly 
considerable, resulting in the enrichment of certain deposits, which, if not 
workable, at least serve as an important source of phosphate from which 
by further concentration workable phosphate deposits are formed. 

In this respect the deposition of calcium phosphate is analogous to that 
of the related mineral calcium carbonate, although of the carbonate much 
more extensive deposits accumulate than of the phosphate. 

Silica (Si 02 } in its round of circulation in the earth presents some inter- 
esting analogies and yet strong contrasts to both calcium phosphate and 
calcium carbonate. 

While the round of circulation of phosphate minerals is capable of 
demonstration as a normal process comparable to that of other co mm on 
minerals, yet the actual processes of the accumulation of large workable 
deposits of phosphate rock are in many ways complicated. 

Florida Phosphate Deposits 

The complexity of origin of the phosphate rock and the manner in 
which impurities are included in the formation is well illustrated by the 
Florida phosphate deposits. Of these there are two distinct types, 
known respectively as the hard-rock and the land-pebble phosphates. 
These differ materially in their location, origin, and manner of occurrence. 
The hard-rock phosphates lie in a belt along the Gulf side of the peninsula, 
extending in a general north and south direction roughly paralleling the 
Gulf coast for a distance of about 100 miles. The land-pebble phosphate 
deposits are found farther south, lying chiefly in Polk and Hillsboro 
counties. 

The hard-rock phosphate deposits rest upon a thick and very pure, 
light-colored, porous and cavernous limestone known as the Vicksburg 
formation, which is of Lower Oligocene age. At present, in that section 
of the State no formation other than the phosphate itself lies on top of 
this limestone. It has, however, been demonstrated by the combined 
observations of several geolopsts that certain formations of which only a 
residue remains formerly extended across the area that now holds the 
hard-rock phosphate deposits. The formations referred to are Chattar 
hoochee limestone and Alum Bluff sands, both of which are of Upper Oli- 
gocene age. Th^ formations are now found bordering the hard-rock 
phosphate area. The proof of their former extent has been given else- 

Btdlehin 330, U’. S. Geological Staveg, p. 106 (1908). 
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where and need not be repeated at this time.^ The hard-rock phosphate 
deposits are made up largely of the residue of these formations which 
have disintegrated in sitUj and accordingly consist of a mixture of mate- 
rials of the most diverse character including sands, cla3^s, limestone frag- 
ments, pebbles and water-worn flints, vertebrate, invertebrate and plant 
fossils; in fact a heterogeneous mixture of the relatively insoluble and 
resistant elements of the earlier formations. 

The phosphate itself is derived from the Alum Bluff sands, the later 
and thicker of the two formations that have disintegrated. This forma- 
tion, the Alum Bluff, in some places reaches a thickness of several hundred 
feet, and has a large areal extent reaching from west Florida, through 



Fig. 1, — Minixg Phosphate Rock by Dehpge in Flokida. 


northern and central Florida, into southern Florida. Througlioiit its 
entire thickness, and throughout its whole areal extent this formation is 
distinctly phosphatic, although in no instance is the phosphate in this 
formation sufficiently concentrated to form workable deposits. 

While these formations, the Chattahoochee and the Alum Bluff, were 
disintegrating in the area that is now the hard-rock phosphate region, 

® Origin of the Hard Rock Phosphate Deposits of Florida, by E. H. Sellards, 
Fifth Annual Report, Florida State Geological Survey, pp. 23 to 80 (1913). Recent in- 
vestigations have shown that the Alachua clays represent a local phase of the hard- 
rock phosphate-bearing deposits, described in this report as the Bunnellon formation. 
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the calcium phosphate from the Alum Bluff formation was gradually 
being taken into solution by ground water and was being redeposited at a 
lower level in the earth, thus forming the workable hard-rock phosphate 
deposits. In this process the replacement of the original limestone by 
calcium phosphate was an important factor, and these deposits afford 
excellent illustration of the formation of phosphate rock by the replace- 
ment process, the shells of the original limestone in many instances retain- 
ing their form, although changed chemically to calcium phosphate. In 
addition to replacement, other processes are observed, prominent among 
which is the formation of the phosphate by precipitation from solution in 
a manner similar to the formation of calcium carbonate deposits in caves. 
This process is evidently secondary, and being now operative is to be 



Fia. 2 . — Eemoving Overburden from Phosphate Roce in Florida by 
Hydbaxjlicking. 


observed in the phosphate boulders themselves, in which all existing 
cavities are being gradually filled by the accumulation of calcium phos- 
phate. By this process pinnacles are formed hanging from the roof of the 
cavities, while successive layers of phosphate are spread out over the floor 
of the cavities. This method of the formation of phosphate deposits has 
given rise to very high-grade phosphate rock, the Florida hard rock grad- 
ing, under present methods of mining, 77 to 80 per cent, tricalcium phos- 
phate, while individual specimens contain 84 to 85 per cent. 

While the origin of the hard-rock phosphate in its present form is thus 
clearly evident, there yet remains a large field of investigation to deter- 
mine the chemical processes by which the phosphate is first taken into 




910 


MINING AND PKBPAEATION OP PHOSPHATE BOCK 


solution, and is subsequently redeposited. Some of these processes, 
however, are well understood. That normal phosphate is to some extent 
soluble in soil waters is well established and fully recognized. In the 
hard-rock phosphate section of Florida there is practically no surface 
drainage, the rain water passing directly into the earth. At a lower level 
the circulation of the water is interfered with and the water may become 
stationary or nearly so. The check in circulation is due in some instances 
to masses and beds of clay residual from disintegrating formations. In 
any case the movement of the water is checked upon reaching the water 
line. The relation of the phosphate deposits to the ground-water level 
and also the evident and probable changes of the water level during geo- 
logic time have been discussed in the writer’s paper on these deposits pre- 
viously referred to. While the processes that brought about the deposition 
of the phosphate may not be fully understood, yet it is apparent that 
there are important changes in the chemical conditions. Among these 
may be mentioned the check to the free movement of the water, and the 
evident mingling at this depth of different waters. In this connection 
the observations of Reese, previously referred to, in which it is shown that 
calcium phosphate in solution in carbonated waters is precipitated when 
the water stands over limestone, are particularly suggestive. As shown 
in my earlier papers the hard-rock phosphates of Florida arc invariably 
formed directly upon limestone, and need not be sought for elsewhere. 
Moreover, they are thrown out of solution from carbonated waters which 
pass over and through these limestones, the manner of their formation 
apparently being entirely in accord with Reese’s experiments. 

The land-pebble phosphate deposits of Florida are probably derived, 
like the hard-rock deposits, from the Alum Bluff formation. The 
processes by which they have accumulated in their present form are, 
however, strikingly different. The hard-rock phosphates, as has been 
stated, represent chemical precipitates or replacement deposits, the 
phosphate having been transported to its present location in solution. 
The land-pebble deposits, on the other hand, appear to represent materials 
which are residual from erosion of the parent formation. The hard-rock 
phosphates occur in sections where the parent formation has entirely 
disintegrated over limestones. The land-pebble deposits on the contrary 
are found as a blanket deposit resting upon, and representing a concentra- 
tion from, the parent formation. The matrix of the land-pebble deposits 
is, therefore, not strikingly different from that of the hard-rock deposits 
except as chemical action has modified the residue, particularly by the 
formation in many instances of siliceous boulders in the hard-rock 
deposits. 

The grade of rock produced from the land-pebble deposits under the 
present methods of mining varies from 66 to 74 per cent, tricalcium phos- 
phate, while individual samples contain 77 or 78 per cent. 
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Tennessee Phosphate Deposits 

As further evidence of the complexity of the origin of phosphates in 
workable deposits, and of the diversity of ways in which they accumulate, 
may be mentioned the phosphates of Tennessee. Several distinct t3rpes of 
phosphate are found in Tennessee, only two of which, however, are being 
mined at present, namely, the blue rock and the brown rock. The blue 
phosphate occurs as a bedded deposit within, but forming the lowest mem- 
ber of the Chattanooga formation of Devonian age, which rests directly 
upon limestones of Ordovician age. The beds vary in thickness from zero 
to 60 in., although the bed of high-grade rock rarely exceeds 20 in. in 
thickness. In grade the blue rock varies from 30 to 85 per cent. The iron 
and aluminum in the better grade aggregate less than 3 per cent. The 
brown-rock phosphates, which at present are being more extensively 
mined than the blue, occur in irregular deposits lying near the surface 
and resting upon limestones. The brown rock is largely a sheUy rock 
which breaks up into pieces of varying size. In addition, however, 
there is a considerable proportion of small pebbles which in mass have a 
dai’k brown color. The underlying limestone has an irregular top sur- 
face, and not infrequently projects into the phosphate stratum. The 
limestone is dense and has a bluish cast. It is more or less phosphatic. 
The age of this underlying limestone is Ordovician. The overburden 
consists of clay, some phosphate, and a limited amount of sand. It 
is reddish in color, and in thickness is entirely variable, averaging perhaps 
8 or 10 ft. 

The brown phosphates of Tennessee are very evidently formed in situ 
from phosphatic limestone. Hayes and Ulrich® find that at least four 
limestone horizons have given rise to brown phosphates in Tennessee. 
The calcium carbonate from the limestone is more or less completely 
leached out, and is replaced in part at least by calcium phosphate.^® The 
rock is thus enriched and becomes a workable phosphate. The leaching 
of the rock usually begins along jointing planes and unchanged masses 
of the original limestone in this type of deposit frequently remain as 
“horses.” Two types of deposits are recognized, which are described as 
blanket and collar deposits. The blanket deposits are those which extend 
over a considerable area. The collar deposits are formed where the phos- 
phatic limestone comes to the surface around the slope of a hill. The 
collar deposits are necessarily limited in extent, while the blanket deposits 
may cover considerable areas. The brown phosphates, from their man- 
ner of origin, have necessarily accumulated in comparatively recent times. 

* Columbia Folio, U. S. Geological Sraveg, p. 6 (1903). 

”Some of the brown phosphate of Tennessee is formed, according to Dr. A. F. 
Rogers, by replacement of winoidal limestone by calcium phosphate. (Personal 
letter, April 1, 1914.) 
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The blue phosphates, on the other hand, are much older than the 
brown, having accumulated in their present form during Devonian time. 
It is beUeved by Hayes and Ulrich that the blue phosphates were origi- 
nally formed as residual material from, and resting upon, the Ordovician 
phosphatic limestones, much as the brown phosphates of the present time 
are formed. After this residual material accumulated the area was de- 
pressed, allowing the sea to cover the limestone. By the action of the 
waves in shallow water the residual mass was pretty thoroughly washed, 
the soil and clay material being sifted out and carried away while the phos- 
phatic material was left to form the phosphate rock as found at present. 
The sea subsequently deepened, so that shales and other formations were 
deposited upon the phosphate. 

The richest of the blue-rock deposits is believed to have been formed 
from the Ordovician limestone, known as the Leipers formation. This 
formation is full of the same minute spiral and other shells that occur 
abundantly in the immediately overlying phosphate rock. Phosphates 
were formed from Ordovician limestone other than the Leipers formation, 
but they are of a lower grade and at present are not workable. 

It would thus seem that the blue rock of Tennessee was formed during 
the interval between the Ordovician and the Devonian, washed during 
the Devonian, and in this condition was preserved for modern mining 
operations. 

Western Phosphate Deposits 

The extensive phosphate deposits of the western United States are 
interbedded with sedimentary formations, and to this extent resemble the 
blue-rock phosphates of Tennessee. The rock in these deposits is de- 
scribed as prevailingly oolitic, although an exceptional occurrence is 
recorded by Richard and Mansfield^ in which high-grade rock was found 
to consist of shell fragments regarded by Girty as broken shells of pelec- 
ypods. The source of the phosphoric acid and the history of its accu- 
mulation in the form in which it is now found in these deposits, if at present 
obscure, will perhaps, upon further investigation, become apparent. 

Phosphate Deposits from Guano 

The phosphate deposits of Navassa, a small island in the West Indi^, 
may be mentioned as an illustration of those which are believed to have 
been formed from guano. In the case of phosphate deposits formed from 
guano, the phosphate is taken in solution by rain water, and after being 
carried to a lower level is redeposited, replacing the carbonate of the 
limestone. The rapidity with which this process may be carried on is 
illustrated by an instance cited by Dr. Albert R. Ledoux'® in which 

“ BiMetin 470, U. S. Geological Survey, p. 376 (1911). 

“ Transactions of the New York Academy of Sciences, vol. ix, p. 86 (1890). 
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limestone on one of the south Pacific islands was observed to have been 
changed to phosphate to a depth of several feet within a period of 20 
years, the phospWio acid in this instance being leached by rain water 
from recently deposited guano. 

Mining 

Phosphate rock is mined either by open-pit or by underground mining. 
Those deposits having a removable overburden are mined by the open- 
pit method, underground mining being resorted to only for deposits 
interstratified with other formations, so that the overburden caimot 
be removed. 


Underground Mining 

The deposits mined in America by underground mining include the 
blue rock of Tennessee, the Arkansas deposits, and for the most part the 
extensive deposits of the western United States, which are as yet but little 
developed. In underground mining, ordinarily, operations begin at the 
surface outcrop of the phosphate stratum, the first rock being uncovered 
by stripping off the overburden. When the overburden can no longer be 
removed economically, drifts are run into the bank and the phosphate rock 
removed, support being given to the roof, when necessary, after the 
phosphate is taken out. This method of mining is similar to that used in 
mining coal seams. In the Arkansas and Tennessee mines the phosphate 
rock is first drilled and blasted. It is then broken up by pick and loaded 
nto tram cars to be drawn from the mine. 

Open-Pit Mining 

By far the greater part of the phosphate rock produced in America 
is obtained at present by open-pit mining, in which the overburden is 
first removed from the rock. The purity of the rock, however, is not 
materially affected by the methods employed in removing the overburden, 
and hence it is not necessary to describe these methods in detail. It may 
be noted, however, that diverse methods prevail, depending upon the 
thickness and character of the overburden, the magnitude of the opera- 
tions and the facilities available. Examples may still be found of removal 
of overburden by pick and shovel, team and scraper, or team and dump 
cart. It is, however, only a shallow overburden that can be so removed 
profitably. In the larger mining operations the overburden is removed 
by steam shovel, by means of which the material is loaded into cars, which 
are then drawn to the overburden dump; or the overburden is removed by 
the hydraulic method, the material being pumped through pipe lines to 
the overburden dump. Whatever method is employed a limited amount 
of overburden remains with the phosphate rock which must be separated 
in subsequent treatment, 
voii. n— ^8 
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It is not necessary in this connection to describe in detail the methods 
of removing phosphate rock from the pit, since the purity of the rock is 
but incidentally affected thereby. It may be said, however, that the 
phosphate rock is either loaded by pick and shovel on wagons or tram cars 
to be drawn from the pit, or it is taken up by dredge or by hydraulicking 
(Figs. 1 and 2). If taken up by the hydraulic method the rock is forced 
through pipe lines to the washer plant. The character of the deposit 
determines the methods of removal that may be employed. Where the 
phosphate is loaded by pick and shovel, such objectionable impurities 
as siliceous boulders, limestone rock and clay balls are rejected at the pit, 
and in some mines only the coarse rock is taken, leaving the finer phos- 
phate, clay and sand. As a rule, however, there is no attempt to separate 
the phosphate from the matrix before removal from the pit. 

Pbepabation oe Phosphate eob Mabket 

The phosphate rock mined by the open-pit method must be washed 
and dried. The methods of treatment described in this paper are those 
followed in America and particularly in the Florida mines. 


The hard-rock phosphate of Florida when brought from the pit is 
dumped on to grizzlies with 2 or 2| in. openings. The fine materials 
of the matrix pass through while the coarse materials, including phos- 
phate, flint, and limestone boulders, and clay balls, are lodged on the 
grating. The phosphate boulders are then thrown by hand into a rock 
crusher near by, while the flint and limestone boulders and clay balls are 
discarded. That part of the matrix which passes the grizzly together 
with the rock from the crusher is dropped into a log washer beneath. 
The practice in the land-pebble mines is somewhat different from that 
followed in the hard-rock section, the matrix, as pumped from the pit. 
being thrown as a rule into a large revolving tube, known as a separator, 
punched “hit and miss” with holes 1 or 2 in, in diameter. As the separa- 
tor revolves the phosphate pebbles, as well as the finer materials of the 
matrix, fall through the openings and lodge on a screen beneath, while 
the coarser materials, including sand, rock, and clay balls, remain in the 
separator from which they are carried to the waste dump. From the 
screen beneath the separator the phosphate rock passes into the log 
washer. While this is the usual arrangement in the land-pebble phos- 
phate mines, yet in some of the newer plants it has been found practicable 
to omit the separator altogether, the rock from the dump b aing allowed 
to enter the log washer after passing over a screen of about iP^in. 
mesh. When the separator is omitted practically all the matrix from the 
pit passes through the log washers, and it has usually been found neces- 
sary in these plants to install a crusher, which is then placed between the 
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two logs. The larger pieces of bone and phosphate rock, as well as the 
clay balls, if not disintegrated by the washer, are broken up in the crusher, 
and the phosphate which they contain is saved (Fig. 3). 

The log washer, through which the phosphate rock is passed, consists 
of two cylinders or logs placed side by side in a box or trough. A series 
of blades arranged in a spiral is fastened to each cylinder. The trough is 
inclined, the phosphate being run in at the lower end, and as the logs are 
made to revolve in opposite directions, the phosphate rock is pushed for- 
ward by the blades, meeting as it goes a constant stream of water. By 
this means the rock is pretty thoroughly washed, the water carrying all 
the finer materials of the matrix escaping at the lower end or in the newer 
washers through an opening at the side of the trough. Frequently the 



Fia. 3 . — Washbb Used in Removing Impubitibs from Phosphate in Florida. 


phosphate rock is passed through a second log of the same type as the 
first, and in all cases receives a final rinsing while passing over screens. 

In the hard-rock phosphate mines of Florida the coarse phosphate 
after leaving the rinser is made to pass over a picker belt, which is usually 
made in the form of a large revolving table. The phosphate rock remains 
on the picker belt during one complete revolution of the table, being care- 
fully inspected by men and boys stationed around the table. The inferior 
rock, clay balls, flint and limestone fragments, so far as recognized, are 
picked out and discarded at this time, thus bringing up the grade of the 
shipment. In the land-pebble mines the phosphate rock from the last 
washer falls on jig screens, the finer of which are or in. mesh. 
From these screens the rock is elevated by endless cup chains to the load- 
ing bin. 
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Drying 

After being taken from the pit the phosphate rock must be dried 
before being marketed. Two methods of drying are in use. The first 
of these, which is adapted to drying coarse rock, consists in piling the phos- 
phate rock on ricks of wood. The wood is then burned, thus drying the 
rock. This method assists somewhat in cleaning, since clay and sand 
adhering to the rock tend, after drying, to loosen and fall away in 
subsequent handling. 

The second method of drying, which is now largely used, is by the use 
of heated rotary cylinders through which the rock is passed. The rock is 
introduced usually at the cool end of the cylinder, and by means of vari- 
ous devices is made to pass through, escaping at the furnace or heated 
end. This method is adapted to dr3dng small pebble rock; the coarser 
rock must be crushed before being dried by this method. 

Improvements in Mining Methods 

An important factor in the cost of producing phosphate rock is the 
necessity of discarding the low-grade rock, as well as that which cannot 
be properly cleaned or separated from the minerals with which it is 
associated. It is encouraging, however, to find that through improved 
methods of mining the amount of phosphate thus discarded is being 
considerably reduced, while the grade of rock produced is being main- 
tained or advanced. In the modem phosphate-mining plants of Florida, 
practically no phosphate rock reaches the dump except that which will 
pass a ^1^, or in. mesh screen, or is carried out with the over- 
flow from the side opening in the log washer. In Tennessee, where a very 
considerable part of the brown-rock phosphate is in the form of minute 
pebbles, settling tanks for saving the small pebbles have been introduced 
in late years. From the log washer the fine material passes through 
these tanks, and much phosphate that was originally thrown into the 
dump is thus cleaned and saved, and in fact some of the abandoned dumps 
in Tennessee are now being rewashed by this method. 

However, notwithstanding these improvements in mining methods a 
very considerable amount of phosphoric acid in the form of very fine 
pebble and soft phosphate still finds its way into the waste dump. It is 
true that a large part of the phosphate that is thus lost is too high in iron 
and aluminum to be used in the manufacture of fertilizers under existing 
processes. It is, however, none the less desirable that the phosphoric 
acid be saved. To this end it is to be hoped that devices for recovering 
the very fine pebble phosphate may be further perfected, and that a new 
process of manufacture may be developed in which the grade of rock 
that can be used is not so strictly limited. 
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Tennessee Phosphate Practice 


by JAMES A. BARE, MT. PLEASANT, TENN.* 
(Pittsburgh Meeting, October, 1914 ) 


Geology and Mineralogy^ 

Tennessee phosphates are commercially divided into three varieties: 
Brown, blue, and white. The first two only are now of commercial im- 
portance. The white phosphates of Perry county are not being mined 
at present owing to their pockety occurrence. The white phosphate is 



1. ““Deposits of 75 Per cent. Brown Plate Eock Underlain by Sand. 


the highest grade of the three varieties, running often more than 90 per 
cent, tricalcium phosphate. 

The brown rock is found in three varieties, grading from the dense 
almost vitreous gray rock, 76 to 82 per cent, tricalcium phosphate, down 
through the ordinary cellular brownish gray rock, looking somewhat like 

^lilustrations from photographs by J. S. Hook, Ithaca, N. Y. 

^ For a more complete discussion of the geology of Tennessee phosphates, refer to 
Besowm o/ Tennessee, voL 4, No. 2, article by J. S. Hook. 
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a sandstone, 72 to 76 per cent., to the lowest grade of soft mucky blackish 
brown rock, 72 per cent, and lower. The solid rock occurs in layers much 
broken up by joints filled with a corresponding grade of phosphatic sand, 
clay being the chief impurity. 

The blue phosphate looks like a granular bluish limestone. It also 
varies as to color, the grayish variety being highest in grade, averaging 
72 per cent. ; the darker blue runs 72 per cent, and lower. 

The brown phosphates of the Mt. Pleasant district occur in Bigby 
limestone of the Ordovician period. In Giles and Hickman counties the 
brown varieties occur in the Leipers limestone of the same period. Both 
limestones are a bluish crystalline variety often showing a banded struc- 
ture upon weathering. These limestones are phosphate bearing often to 
the extent of 35 to 40 per cent., and are occasionally used as a low-grade 
fertilizer or for a filler for the manufactured fertilizer. 

The principal deposits of blue rock, which are of commercial impor- 
tance, occur between the Chattanooga shale and the Ordovician lime- 
stone, also phosphatic and of the same character as those just described. 

Prospecting and Valuation 

Brown Rock . — The extent, depth, and quality of the phosphate deposits 
are commonly determined by boring with earth augers and post-hole 
diggers 4 in. in diameter. Test pits are also employed in conjunction 
to give a better idea of the character of the strata. 

In blanket deposits the holes are sunk 200 ft. apart in squares, while 
in hat-brim formations (ring deposits on a hill side) the holes are spaced 
200 ft. on the long axis of the deposit and 50 to 200 ft. on the short axis, 
the latter spacing depending upon the width between upper and lower 
boundaries. 

Since the overburden is not excessive, rarely being over 30 ft., the 
light and cheap 4-in. earth auger gives good results with two operators; 
|-in. pipe in convenient joints is used for rods. The post-hole digger is 
used for penetrating hard substances like flint or plate phosphate rock. 
It is merely a form of hollow drill, with a 4 by 12 in, barrel of |-in. 
steel. When penetrating phosphate a sample or disintegrated core is 
brought up by the tools and must be removed each time when full, neces- 
sitating frequent removals of the diggers from the hole. 

About every 400 ft. a pit is sunk to obtain a sample of rock for recovery 
tests. This will be representative of the rock as mined by hand and sent 
to the washers, and will also give the true ratio of sand to lump rook with 
their respective analyses, which is of considerable importance. 

The samples from prospecting are prepared for analysis by hand 
washing in an ordinary wash tub, saving the sand by decantation and 
separating the lump with the aid of a hose and a |-in. slotted screen. 
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The recovered products are dried, weighed, and analyzed separately. 
The percentage of recovery is calculated from weights in the usual man- 
ner. The weight of a cubic foot of phosphate in the ground should be 
determined so that the percentage of recovery as found may be converted 
into such convenient terms as 1 acre 1 ft. deep (43,560 cu. ft.). 

Cost — The cost of prospecting will average 7c. to 7|c. per foot of 
hole with augers or $1.50 to $2 per acre for average conditions. 

Tonnages are usually calculated on the basis of a recovery of 1,000 
tons^ dry rock per acre-foot for high-grade deposits, but for the average 




A , With 4-in. Post-Hole Diggeb. B . With 4-in. Earth Auger. 

Pig. 2, — Prospecting fob Brown Rock. 

grades this will be more nearly 850 tons per acre-foot. For more 
accurate work the percentages of recovery should be used as determined 
in the laboratory, allowing 15 to 20 per cent, for losses in actual mining 
and treatment. 

Especial care is necessary in determining the average thickness of rock 
for unit areas when the deposits are known to lie in cutters. The phos- 
phate will constitute from 30 to 50 per cent, of the total volume below the 
surface of the lime table. y 

The percentage of iron and aluminum oxides remaining in the washed 
product has an important bearing on the valuation of the rock. The usual 

^ A ton of dry phosphate is 2,240 lb. 
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guarantees are given below. For each per cent, in excess of guarantee, 2 
per cent, of BPL is deducted.® 


BPL 

Sales Price f o.b. 

Fe203 “f" AI 2 O 3 

Per Cent. 

Mt. Pleasant 

Per Cent, 

70 

$3.00 

6.5 

72 

a. 50 

5.5 

75 

4.00 

5.0 

76 

4 50 

4.5 

78 to 80 

5 00 

4.0 


The total final cost of dry rock f.o.b. cars may be estimated as $2.50, 
but with a good deposit and modern plant a cost of $2 should be obtained. 
The resulting profit as determined from the valuation of the rock less 
working costs should not be less than 20 per cent, per annum on the total 
investment, which will be: Property; this cost will average 25c. per 
ton of rock in the ground, or if on a royalty basis, 50c. Plant; capacity 
75,000 tons per year, $150,000. Mining equipment, $30,000. 

Blw Rock . — Since blue rock in the known commercial deposits lies 
mostly under a stratum of shale, the prospecting is necessarily done by 
diamond drills or drills of the Calyx type. Both give satisfactory results. 
The outcrops are usually exposed by shallow test pits. Since these de- 
posits are continuous only in one direction, to any great extent, the long and 
short axes of the deposits are determined at the outset, by tracing the 
outcrops in gullies. This information materially aids in keeping down the 
cost of prospecting. 

The minimum thickness of the vein for profitable mining at present 
prices is 24 in. 

The sales price of blue rock f.o.b. cars Mt. Pleasant, Tenn., is: 68 to 
72 per cent. BPL with 2 to 2f per cent, iron and alumina, $3.50 to 
$3.75. The lower grades of 62 to 68 per cent. BPL are usually sold 
ground 80 to 90 per cent, through 100 mesh at $3.50 to $4, of which 50c. 
represents the charge for grinding. 

The cost of equipment and dead development work will be practically 
the same as given under cost of plants for brown rock, for a plant having 
a capacity of 300 tons in 12 hr. 

The cost of blue rock f.o.b. cars with a modern plant averages $1.80 
to $2 per ton, to which must be added with some deposits now being 
worked 25c. a ton to bring the price as quoted f.o-b. cars at Mt. Pleasant, 
because of extra freight rates. 

Brown Rock Mining and Treatment 

Removal of Overburden . — Occasionally narrow benches are stripped by 
hand methods. The dirt is more or less undermined by the removal of 

* BPL is a local term for bone phosphate of lime or tri-oaleium phosphate, CaiPiOi. 
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the underlying rock, and the bank caved over into the previously mined 
out bench by prying with a long rod from above. 

Scattered deposits are stripped by scraper outfits such as are used in 
railroad work. The outfit usually consists of 5-wheeled scrapers with a 
hook team extra and a plough team. The work is contracted at 14§c. 
per cubic yard. 

The major portion of the stripping is now done by Class 14 Bucyrus 
drag-line excavators mounting a 70-ft. boom with a 1^-yd. bucket. 
This machine is adapted to the removal of overburden that does not aver- 
age more than 15 ft. With more than this depth the pits become too 
narrow at the bottom. 

In Hickman county where the overburden averages 30 ft. a Class 24- 
drag-line machine is being installed. This has a 100-ft. boom and a 
3|-yd. bucket. 

The cost of operating the Class 14 machines is; 


Per 

Shift 

1 Runner, $150 per month $6.00 

1 Fireman 2.50 

1 Teamster 1.76 

1 Ground man 1.60 

1 Foreman 3.00 

1 Team (owned by company) 3.00 

Coal, 2 tons @ $2.40 4.80 

Cable wear 6.00 

Repairs, oil, and supplies 3.00 

6 per cent, interest on $13,000. 260 shifts 3.20 

10 per cent, depreciation 5^0 

Total $387^ 


The above is for a machine having caterpillar traction for moving. 
If a timber and roller machine is used an extra ground man is required. 

The capacity averages 1,000 cu. yd. per 10-hr. shift, although often 
1,300 to 1,400 yd. are dug under favorable conditions. 

While the larger-size machines average more in yardage the operating 
costs also increase so that the cost per yard is nearly the same. 

Two mines use hydraulic stripping because the depth of the over- 
burden is excessive in one and the mining conditions require it in the other. 
The cost averages 7 c. per cubic yard. 

The bank is cut down by a hydraulic monitor using a 2 or 2| in. tip. 
The water pressure usually needed is 150 to 175 lb. per square inch. 
The water flows back from the face carrying from 10 to 20 per cent, solids, 
into a pump well. From the sump the water and overburden are pumped 
to the waste ponds by an 8-in. direct-connected motor-driven centri- 
fugal pump. The pump requires from 1,500 to 2,000 gal. of water per 
minute for full capacity, with a motor power of 75 h.p. 
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Mining . — In the Mt. Pleasant field, the rock is mined by hand since 
the rock occurs partly below the top of the lime stratum, in cutters of 
irregular shape. Steam-shovel mining has been tried but is not favored 
because it does not permit hand sorting of clay and flint in the mines. 

The rock, being soft and well jointed, is broken with an ordinary hand 
pick, and shoveled into 3-yd., 36-in. gauge tram cars. The miners use 
mostly a 10-tined fork where the cast is short but prefer a long-handled 
shovel when throwing up from the bottom of cutters. 

The work is done chiefly by contract, the price being 25 g. per tram 
when one handling only is required. Where two casts are required, 
35 to 40c. per tram is paid. The miners keep the track up to the mining 
’face. 


Fig. 3. — Stkipping with Steam Cateepillae Drag Like. 

In Giles county some deposits are 20 to 30 ft. in depth without inter- 
fering lime boulders or cutters. These have been mined by steam shovel 
but results were not satisfactory because of impossibility of sorting out 
clay and flint at the mines, which resulted in low grade of rock at the 
washer. The grade of deposits, now being worked on the lower outcrop, 
should improve further back in the hill as is the case with most Tennessee 
rock. Hydraulic-mining methods seem more suitable than steam-shovel 
operations, in this case. 

In Hickman county, because of the depth of the cutters, from 20 to 
40 ft., hydraulic mining is successfully employed. 

The same equipment is employed as described under hydraulic strip- 
nms*. 





TENNESSEE PHOSPHATE PEACTICB 


Fig. 4A. — Mining Phosphate in Cutters. 


PTg. 4B. — Face Mining, 


Fig. 4C.— Mining Beep Cutters with Cantilever, 
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The centrifugal pumps used are of very rugged construction, being 
the same as employed in the Florida pebble district. The shell is of 


Fia. 5 A. — Mining Deep Gutters, Hickman Countt. 


getting into the stuffing box by a stream of pressure water. The stuffing 
box is submerged in a water seal to prevent air leakage. A bearing of- 


heavy cast iron, and when worn out it is rejected, this being found 
more practical than the use of liners. The other wearing parts are the 
end plates, which are easily replaced. The shaft is protected from grit 


Fig. 


Phosphate Sand Tailing with 4-in. STBAM-DarraN Gen- 
TRiFUGAL Pumping Outfit* 


MINING AND PREPARATION OP PHOSPHATE ROCK 


ample proportions, with ring oilers and oil reservoir, takes the weight of 
the shaft and overhanging impeller. The motor is connected to the pump 
shaft through a flexible coupling, the entire unit being mounted on one 
base plate. The motor is usually a three-phase, 60-cycle, 2,200-volt, 
wound-rotor type, operating at 500 rev, per minute with drum controller 
and grid resistances for continuous duty from half to full speed. 

The pump is connected to the suction and discharge lines through 
heavy rubber tubing called flexibles. Steel tubing with peaned flanges 
is commonly used for all lines. 

Transportation . — In the case of hand mining the loaded trams are 
hauled to the plant by saddle-tank locomotives, u^^ually of the 17-ton 
class for main-line hauls and 12-ton for yard and mine switching. The 



Fig. 6.-~Phosi’hate Washer, Showing Settling Tanks eor Fine Sand on the 

Right. 

17-ton dinkey can haul 30 cars on the average mine track while the 12-ton 
can handle 20 cars. 

On both main line and mine sidings 40-lb. rails are mainly used, but 
30-lb. rails are more often used in the mines. 

Washing . — The tram cars are hauled up an incline by a belt-driven 
hoist to a tipple where the muck is discharged, with the aid of water, if 
necessary, into a crusher hopper. 

The crusher is of the single-roll type, being more of a disintegrator 
and feeder. Enough water is sprayed in at this point to enable the crusher 
to pass a tram load through every 2 min. 

The crusher discharges into the low end of a log washer, 25 ft. long, 
set on a slope of 1 in, per foot. The solids are carried forward and up the 
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slope by the paddles of the log, which are set on an angle of 45°, at the 
same time being subjected to a very thorough mixing so as to emulsify 
the clay, some of which is carried back with the water and phosphate 
sand to the tail of the log where it overflows an adjustable tail gate, into 
a launder leading to the sand washer. 

Log No. 1 discharges into a second log washer, where fresh water is 

added. 

Log No. 2 discharges into a conical trommel, 30 and 60 in. by 17 ft., 
having a ■^■in. metal jacket with l§-in. round perforations, which 
merely acts as a shell for the screen, and support for the inner lining 
jacket of i-in. metal having | by | in. slots. A 4-in. pipe extends 
through the center supplying water under pressure through |-in. holes; 
the water jets are directed against the rock, and effectually remove the 
undersize and remaining clay. 

The undersize of the trommel goes to the sand washer. The oversize 
is discharged on to a picking belt where the clay, flint, and limestone are 
removed by boys. The picking belt discharges to the wet storage system. 

The principal tonnage of phosphate rock is washed according to the 
above methods. One company uses drag conveyors with perforated 
bottoms, instead of logs, water being sprayed from above. Another 
company uses a revolving cylinder with ^ghts serving to mix rock and 
water and elutriate the clay. 

Sand Washing . — ^All the undersize from the log or rock washer de- 
partment is treated in a separate sand washer. There are three distinct 
systems used: 

1. The sand is washed in a drag classifier of the “El Oro” type locally 
called the riffle trough. It consists mainly of a double-strand chain 
flight conveyor with IJ by 30 in. flights traveling up a slightly in- 
clined trough, about 40 ft. per minute. The sand pulp is fed near the 
middle and carried up past sprays of water. This system is not as effi- 
cient a washer as could be desired, has high repair costs and a low per- 
centage of recovery. 

2. Tank System, (a) The sand pulp from the rock washer is run into 
sand tanks about 10 ft. square and 30 ft. deep. When the tank is full 
the settled sand is washed out through a slatted opening into the sump 
of a steam pulsometer pump, which elevates the pulp to the next bin. 
This operation is repeated five times. 

(&) Same as (o), but the operation is made continuous by hydraulic 
ejectors or jets, as they are locally called, to pump the sand, as it settles 
into the succeeding bin. This system avoids the use of expensive pulso- 
meter pumps but requires more water, using 700 gal. per minute to pump 
80 to 100 tons of sand in 11 hr. 

3. The pulp is fed into the high end of an inclined revolving cylinder 
provided with internal flights for agitation of the chmrge. A counter cur- 
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rent of wash water is supplied to carry off the elutriated clay. The sand 
is discharged at the lower end by a spiral and further dewatered in an 
intermittently discharged settling box. The overflow from the settling 


Fig. 7A. — Modern Rotary Drier, 5 by 40 ft. 

box and cylinder washer is further settled in a tank with transverse 
baffles. The sand caught in this tank is washed out through holes in the 
side to a drainage pond. 


Fia. 7B.— Old Method of Drying Lvmt Rock on Piles of Wood. 


A new plant is now being designed that will use a dewatering tank, 
the underflow of which will be jetted into a series of Dorr classifiers, fresh 
water being added to the dewatered sand before feeding into the succeed- 
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ing classifier, tlie final dewatered product going to the wet storage system. 
Two of the rakes near the head end of each classifier will be replaced by 
spray pipes. This ^stem has been tested out with excellent results and 
low water consumption. The overflow from all the above will be settled 
in a large 20 by 60 ft. tank. The product settled in these latter tanks will 
be washed separately either in Dorr classifiers or in Dorr thickeners with 
sprays on the arms. 

Wet Storage and Drainage.Smce the material comes from the wash- 
ers with 25 to 30 per cent, moisture, it is very important to provide a 
drainage system. By storing from two to three weeks the moisture con- 
tent is reduced to 20 per cent., saving from 2c. to 2|c. per ton of rock 
in coal alone for drying, besides increasing the capacity of a 60 in. by 
40 ft. dryer from 90 to 150 tons in 11 hr. 

In the older style plants the storage is done in tanks or by building up 
in dumps with tram cars. The former is necessarily limited in capacity 
and the latter rendered expensive on account of the amount of labor used. 
In the modem plants, electric cranes operating clam-shell buckets are 
used. 

Below is given a comparison of costs of the different types of cranes. 

One 10-ton electric traveling crane 60-ft. span {with 21-yd. clara-shell 


bucket) $10,000 

Steel runway 40 ft. to top rail, 400 ft. long 10,000 

Generator capacity in power house, 40 kw. @ $55 2,200 


Total • $22,200 

One 30-ton, 8-wheeled locomotive crane, standard gauge, 40-ft. boom, 

2i-yd. clam-shell bucket, $14,000 

Wooden trestle 12 by 400 ft.; material used 75 per cent, heart L. L. Y. 

pine, with concrete foundations 4,000 

Generator capacity 40 fcw. @ $55 2,200 


Total $20,200 

One 30-ton steam crane same as above $10,000 

Trestle 4,000 


Total $14,000 


With current at l^c. per kw-hr. and coal at $2 to $2.50 per ton the 
steam crane can be operated as cheaply as the electric, where alternating 
current is used, but with direct current the cost is more in favor of the 
electric unit. 

Drying System . — ^The next step after the storage of the material in the 
drainage piles is the reclamation of the drained phosphate and the drying 
of it in rotary driers or kilns. 

The driers first used were light in construction, giving trouble from 
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break downs and rapid wear. They were from 52 to 56 in. in diameter 
and 32 ft. long. The drive was by friction only through the trunnions. 
Power consumed was high, averaging 30 h.p. per unit including fan. The 
material was fed into the hot end of the shell. The coal consumption 
averaged 90 to 100 lb. per ton of rock dried to 2 per cent, moisture, with a 
capacity of 80 tons per drier. 

Modern driers, which are fed at the cold end, are characterized by 
heavy construction such as is used in rotary cement kilns. The size of 
the unit is usually 60 in. by 40 ft., and the power for driving 15 to 20 h.p., 
including fan for forced draft. 

These driers reduce 135 to 165 tons of phosphate from 20 per cent, 
moisture down to 2 per cent., for the lower capacity given, and down to 3 
per cent, for the higher capacity. The coal consumption averages 75 lb. 
West Kentucky coal per ton of rock dried. 

The dried phosphate is elevated to a sizing screen and storage hopper, 
by an elevator, which is usually a single strand of No. Ill combination 
chain with buckets every fourth link. A traction head pulley and plain 
sprockets and idlers are used since the use of sprockets with teeth would 
cut down the life of the chain 75 per cent. Such an elevator lasts three 
years in ordinary service. 

The phosphate is either chuted directly from the storage bin to rail- 
road cars or else carried out to storage sheds by an electric-driven larry. 
The older plants use cable-driven cars or push cars. 

By storing the rock, advantage can be taken of the residual heat to 
remove at least 1 per cent, of moisture. Cars are sampled at the works so 
that no credit is allowed for drying out in transit. 

The rock is stored in a ground-level shed and loaded into cars by con- 
tract labor. This arrangement appears to be crude, but special conditions 
seem to warrant it. 


Overhead reinforced concrete storage 10,000 tons capacity, $80,000 

Per Ton 

Cost of loading from above bin with car loaders. 1.8c. 

Interest 6 per cent, and amortization 6 ,7 per cent 10.2 


Total ^ 12. Oo. 

The above is based on a 16-year mine life with a capacity of 100,000 tons per annum. 

Electric traveling crane $10,000 

Steel shed 10,000 tons capacity with crane way 26,000 


Total $36,000 

Per Ton 

Cost of loading with crane and car loaders 3,9c. 

Interest and amortization 4.4 


Total 8.3c. 

VOL. L. — 59 
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1 Steel shed, 10,000 tons capacity . .. • $12,000 

Or wood constniction ■ ■ • • $5,500 

Per Ton 

Cost hand loading, contract price ... 7 oe. 

Interest and amortization on $12,000 ... ... .1 5 

Total 9-Oc 


The hand loading has the important advantage of being flexible and 
selective. The loader does not load wet streaks of rock; he throws out 
any foreign substance, spots and sweeps out his own car. He loads the 
car to the required capacity or is fined. 

The automatic scraper and belt conveyor type of loading equipment 
would not be permissible on account of not being selective. 

Production Costs . — The following were taken from the average costs of 
a mine during six months of good mining weather : 



Per Ton 

Mining. ... 

. . SO 04 

Transportation and team expense 

. 0 23 

Washing 

0 46 

Drying 

. . 0,47 

Shipping and track expense 

. 0 09 

Total, per dry ton 2,240 lb. 

SI 89 


Mining and Treatmeni of Blue Bock 

The outcrop is usually stripped and mined by hand, back to where the 
overburden does not exceed over 12 ft. on an average. For extensive 
outcrop mining a steam shovel is used for stripping. 

The underground work is done on the room-and-pillar system, the pil- 
lars being recovered on the final round by drawing back. Main and cross 
entries are driven according to the topography, the rooms being led off 
from the cross entries alternately every 50 ft. The ordinary dimensions 
of the room are 26 by 200 ft. The long axis of the room is parallel with 
the rock jointing so as to obtain the maximum effect of the powder in 
blasting. 

Advantage is taken of an overlying layer of low-grade kidney forma- 
tion between the blue rock and the shale to make an overcut with air 
drills and to blast to this face. The skull is thrown back into the gob, 
acting as a support to the roof. Short timbers are used at the face to 
protect the workers from the shale roof, which tends to slab off. 

The rock is loaded and mined by the contract system, into cars 
holding about 3,000 lb. The loaded trams are pushed to the room entry 
by hand where they are hauled to the mouth of the tunnel by mules. 
Here they are made up into trains and hauled to the nlant by a 17-ton 
36-in. gauge locomotive. 
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The surface plant is principally a crusher and drier. The blue rock is 
not subjected to any washing process. 

The order of machinery, etc., in the plant is: Gyratory crusher; 60 
in. by 60 ft. rotary drier fed at cold end; crushing rolls set to i in.; 
sizing screen; cable-driven storage larry. 

The cost per ton for a modern plant producing 300 tons per 10 hr. is : 


Working Costs 


Mining 

$L 

.30 

Transpoitation 

0 

08 

Crushing (gyratory) 

0 

03 

Drying . 

0 

08 

Crushing (lolls), screening, and stocking 

0 

05 

General works account 

0 

30 

Repairs and depreciation 

. . 0 

12 

Total . . . 

SI 

96 

Loading into box cars 

0 

.08 

Freight to l\It Pleasant 

0 

25 

Total f.o b. Mt. Pleasant (per ton, 2,240 lb ) 

.. S2 

29 


Fine Dry Grinding, Both Blue and Brown Rock 

A considerable tonnage is now being ground for use as a fertilizer 
direct, or for shipment to fertilizer factories for acidulation. 

For phosphate containing lumps | in. or more in size primary coarse 
crushers are used. Following the coarse crushers a fine-grinding mill of 
the ring roll or Fuller-Lehigh type is used. One company uses a Hardinge 
mill. The discharge from the fine-grinding mill is elevated to sizing 
screens where the final size is taken out and the undersize returned to the 
mill. 

Two companies now use tube mills after the fine-grinding mill as 
described above, to reduce the phosphate to the final size. 

The raw rock, for direct application as a fertilizer, is ground to 90 or 
100 per cent, through a 100 mesh; for acidulation, through a 60-mesh 
screen. 

Manufacture of Add Phosphate 

Chemistry. — The final step in the treatment of phosphate rock for the 
fertilizer trade is its conversion from the insoluble tricalcium phosphate 
to the more soluble forms, by direct treatment with sulphuric acid. 

The following are the basic reactions of the process: 

(1) CasPiOs -f- 2H2SOi + 6H2O = (CaHiP^Og -f 2H2O) -I- 2(CaS04.- 

2H2O). 

(2) Ca3p208+ 3H2SO4 + 6H2O = 2H3PO4 + 3(CaS04.2H20). 

(3) Ca3P20g 4* H2SO4 ■+• 6H2O == (GagHgPgOg -h 4H2O) -b (CaS04.- 

2H2O). 
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Keactioas (1) aad (2) are the ones desired in the manufacturing proc- 
ess. With too little sulphuric acid present in the mix reaction (3) takes 
place, forming more or less dicalcium phosphate, insoluble in water. 
With an excess of acid, too much phosphoric acid is formed as in (2), 
resulting in a moist and lumpy finished product. 

In determining the amount of acid required, account must be taken of 
the consumption of the principal impurities as noted below. 

Carbonate of lime and magnesia are desirable to the extent of 3 per 
cent, because of the heat furnished in the reaction with the acid, the 
leavening effect of the COa released and the drying effect on the final 
product in storage. 

Fluorite is broken up by the acid, the resulting fluorine combining 
with the silica and passing off in part as the volatile HaSiFs. When 
troublesome, this must be properly handled and washed in scrubbers. 

Silicates of iron and alumina form a gelatinous precipitate which 
coats some of the phosphate particles, protecting them from the action 
of the acid. 

Iron and aluminum oxides are the chief constituents that must be 
carefully handled and regulated. They not only consume acid but result 
in a moist lumpy acid phosphate, if in excess of 4 to 4| per cent., unless 
special precautions are taken as to amount and strength of acid. 

When the acid phosphate does not dry out well, its quality and per 
cent, of available P2O5 may be materially increased by adding raw, fine- 
ground phosphate rock before storage preferably, but also directly before 
mixing. Some advocate the use of ground limestone but this will cause 
some of the soluble phosphate compounds to revert to the insoluble, often 
to the extent of 2 to 3 per cent. 

The manufacture of double superphosphates is done by filter pressing 
out the soluble portions of acid phosphate, and evaporating the filtrate 
in pans to 45 per cent. P2O6. The concentrated phosphoric acid is used 
to treat a fresh charge of raw phosphate rock: 

Ca8P208 -b 4H3PO4 -t- 6H2O =3(CaH4P208) + 2H2O. 

This is a highly concentrated product used mainly for export trade 
and the manufacture of baking powders, etc. 

Manufacture . — ^The lump and sand phosphate is unloaded from the 
railroad cars by hand and wheeled in a barrow to the storage pile or to 
the coarse crusher. From the coarse crusher the phosphate is elevated 
into feed hoppera of the fine-grinding mills. The mills and the process 
used are the same as described previously under “Fine Grinding,” A 
mill not previously mentioned, that is much used, with satisfaction, Is 
the three-roll Griffin mill. 

The ground phosphate is next treated in a mixing pan, in batches of 
1 to 2 tons, the ratio of acid to rock being 1,000 lb. rock to 1,000 to 1,008 
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lb. 50° B4. acid. One type of mixing pan is a round cast-iron pan revolv- 
ing slowly, with one or two sets of stirring arms or plows, also revolving 
but at a higher rate. 

When completely mixed, the contents of the pan are discharged 
through bottom doors into a square concrete or brick chamber below, 
called a den. Here the reactions continue aided by the heat. 

After remaining in the den for about 12 to 48 hr., or until the mass 
becomes cool (150°F.), the contents are again discharged through bottom 
doors, by manual labor, into an elevating and conveying system that 
carries the acid phosphate to large storage piles. 

The manufacturing process is carried on the year around, but ship- 
ment is made principally during three months in the spring and two 
months in the fall. 

Before shipping to the consumer it is usual to add enough ammoniates 
and potassium salts to make up a complete fertilizer. 

During shipping seasons the acid phosphate is reclaimed from the 
storage piles by hand labor and wheeled to the mixing and bagging system. 
This consists mainly of a disintegrator which breaks up the lumps of the 
acid phosphate; a screen takes the discharge from the disintegrator and 
returns the oversize, the undersize being sent to the mixing machine, 
where it is mixed with the proper amounts of ammoniates, potash salts 
and filler. The mixed product is bagged in a bagging machinOj weighed 
and delivered to cars by hand. ^ 

It will be noted that there is a large amount of hand labor included 
in the scheme of operation that might be eliminated by properly designed 
machinery, and such is beginning to be included in modem plants. 

The costs vary widely with the different freight rates on acid and rock. 
To the costs of raw material the additional charges for acidulation, 
mixing, and shipping are from $1 to $1.25 per ton. There is a loss of 
about 7 per cent, in the manufacture of the acid phosphate that must 
also be taken into account. 

A plant with a capacity of 125 tons of acid phosphate per day will cost 
erected complete $100,000. However, the principal outlay in connection 
with the fertilizer business is the selling of goods on credit to farmers, 
which may amount in a business of usual volume to as much as $400,000, 
for a plant of the capacity mentioned above. 

The present selling price of bagged acid phosphate f.o.b. cars Mt. 
Pleasant, Tenn., is $14 per ton for 14 per cent. PjOs material, with $1 
added for each unit above 14 per cent. The price of the complete 
fertilizer varies according to analysis, the base prices being $22.50 and 
$18. The European war is raising these prices. 
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Salt Making by Solar Evaporation* 

BT -W. C PHALEN, WASHINGTON, D. C. 

(Pittsburgh Meeting, October, 1914) 

Salt-Making Processes 

The production of salt in tho United States divides itself nt the outset 
into two distinct classes: (1) The mining of rock salt and its purification 
and separation into marketable sizes, and (2) the production of salt by 
evaporation from brines, bitterns, and other solutions. 

The processes employed at the present time in the manufacture of salt 
by evaporation may be outlined as follows: 

1. Solar evaporation. 

2. Direct-heat evaporation, (a) in open kettles, (h) in open pans. 

3. Steam evaporation, (n) in jacketed kettles, (6) in grainers. 

4. Vacuum-pan evaporation. 

In this paper only the solar-evaporation processes practiced in clifTcrent 
parts of the United States will be described. 

Solar Evaporation 
Localities 

In the Eastern States the solar-evaporation process is not generally 
employed for climatic reasons. In the Western States, particularly in 
California and Utah, the great bulk of the salt produced originates in the 
solar-evaporation process. Of the Eastern States producing salt, this 
process, so far as the writer is aware, is employed in New York State only. 

New York^ 

Introduction 

The manufacture of salt by solar evaporation began in the vicinity 
of Syracuse, Onondaga county, in 1789. A natural brine 68® to 80® 
salometer, with 17 to 20 per cent, sodium chloride, was and is still used. 

^Published with the permission of the Director of the U. S. Geological Survey, 

1 In the preparation of this portion of the chapter on solar evaporation, the author 
has made free use of the works of P. E. Englehardt: Bulletin No. 11, N. Y. Stale 
Museum, pp, 38 to 44 (1893), and T. M. Chatard: Salt-making Processes in the 
United States, 7th Annual Report, V. S. Geological Survey, pp. 606, 607, (1888). 
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The brine is stored in glacial gravels and was evidently formed by the 
circulation of ground waters through adjacent beds of rock salt. 

But a small part of the evaporated salt manufactured in New York is 
now made by the solar process. Its manufacture is limited to Syracuse 
and vicinity, where it has survived from the early days of the industry. 
Though it has now lost some of its former importance, up to the year 
1880, the time when the beds of rock salt in the western part of New 
York State began to be utilized, Onondaga county supplied the whole 
output of the State in rock salt. A large part of the total now returned 
for the county represents the salt in brine consumed in the manufacture 
of soda. The solar salt produced is mainly coarse salt and is used for 
practically the same purposes as rock salt. It is marketed through the 
Onondaga Coarse Salt Association. 

The wells are located on lands once included within the Onondaga 
Indian reservation; and until recently the State supplied the brine to the 
individual plants, exacting a small tax on the product to cover costs of 
pumping and supervision. The lands and wells were sold in 1908 to 
private companies, namely, the Onondaga Pipe Line Co. and the Mutual 
Pipe Line Co. of Syracuse, the transfer being made for a nominal sum. 
This transfer definitely terminated the historic connection of the State 
with the salt business. 

Solar salt is made from a natural brine — the only instance of its use in 
New York. The process, of course, is carried on only during the spring, 
summer, and fall months, usually from the middle of March to the middle 
of November, depending on the weather. 

Method of Manufacture 

Former Method . — The manufacture of solar salt in New York was 
formerly carried on in shallow wooden vats or “covers,” provided with 
light movable roofs running on rollers. During the evaporation season 
the roofs were removed to one side, but replaced during rainy weather, 
and at the end of the salt-making season. There were ordinarily three 
sets of vats or “rooms,” known respectively as “deep rooms,” “lime 
rooms,” and “salt rooms.” 

The deep rooms served for the reception of the brine from the well or 
pump house. When first pumped the brine was usually perfectly clear, 
but with the escape of gases (CO 2 ), ferrous carbonate separated, which 
oxidized to the hydrated ferric oxides, and settled out as a yellow mud, 
leaving the clear brine. 

The lime rooms were constructed nearer the ground than the deep 
rooms, the clear brine being drawn from the higher deep rooms into the 
lower or lime rooms. Evaporation continued in the latter until the brine 
became saturated and salt crystals began to separate. During this 
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process, particularly when the brine was near the point of complete 
saturation, gypsum began to separate. The brine, now fully saturated 
and known as “pickle,” went to the lowest set of rooms, known as the 
salt rooms. Here the salt and the remainder of the gypsum separated, 
sufl&cient pickle being added from the lime room from time to time to 
keep the salt crystals well covered. The term “ lime room ” in the above 
descriptions is somewhat misleading as no lime was used in the process. 
When sufficient salt collected in the salt rooms it was harvested. This 
took place generally three times during a season. 

Present Method . — The process described above was the original method 
of solar evaporation. Great improvements have been made in it, one of 
the greatest being the replacement of the deep rooms and lime rooms by 
“ aprons, ” whereby the evaporating surface and the yield of salt per cover 
(288 sq. ft.) have been greatly increased. The aprons are large troughs 
from 15 to 20 ft. wide, about 3 in. deep, and varying greatly in length. 
They are generally erected over the deep rooms, serving as roofs, thus 
' maldn g store rooms for the saturated brines of the deep rooms. They 
are built on piles or posts, and are so constructed that brine or rain water 
falling on them flows toward two sets of holes provided with wooden plugs, 
the grade of flowage being 1 in. per 1,00 ft. One set of holes communicates 
with the deep rooms. The brine run on to the aprons often becomes 
saturated in one good drying day. It is then discharged into the deep 
room below and its place taken by a fresh portion of brine. When rain 
is expected the plugs over the cisterns, or deep rooms, are drawn and the 
brine which flows into them is thus saved from dilution. The plugs are 
then replaced and the other set removed, thus allowing the rain water to 
flow to waste. When clear weather returns, the partly concentrated 
brine is returned to the aprons by pumps. 

“The great advantage of this improvement lies in this — that the 
brine is concentrated and purified while being transported to the covers; 
the great length and width of the aprons, the shallowness of the layer of 
brine and its complete exposure to the sun, air, and wind greatly facilitate 
purification and evaporation while permitting the use of the entire number 
of covers for salt making, instead of having as formerly one-third of the 
total number taken up for lime rooms and deep rooms. ” In this way the 
production of solar salt during a given season has been greatly increased 
per cover. As the capital invested in covers is considerable, the economy 
of the process is readily seen. (Figs. 1 and 2.) 

Utah 

The Water o/ Great SaU Lake 

Salt is obtained from the water of Great Salt Lake. According to 
different authorities who have analyzed the lake water, the chief differ- 
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ences in the results are in the degree, but not the character, of the salinity. 
It is to be expected that the former would change with greater or less 
dilution, as the waters of the lake rise or fall, from local or other causes. 
Although the degree of salinity of the lake is variable, ranging approxi- 
mately from four to seven times that of ocean water, the composition of 
the saline matter contained in it is much like that found in ocean water. 
The following analyses show the composition of the salts contained in the 
water: 

Analyses of Salts in Water from Great Salt Lake- 



1 

2 

3 

4 

5 

6 

7 

8 

Cl 

. 55 99 

56 21 

55 57 

56.54 

55.69 

55 25 

55.11 

53 72 

Br 

trace 




trace 

trace 


... . 

SO4 

6 57 

6 89 

6 86 

5 97 

6 52 

6 73 

6 66 

5 95 

CO3 ... 


0 07 

. 





. , , 

Li. .. 

trace 


.... 

. 

0.01 

trace 


. . 

Na 

33.15 

33 45 

33 17 

33 39 

32.92 

34 65 

32 97 

32 SI 

K. . 

1 60 

(?) 

1 59 

1 08 

1.70 

2.64 

3 13 

4.99 

Ca. 

0.17 

0.20 

0.21 

0.42 

1 05 

0 16 

0.17 

0 31 

Mg . 

2.52 

3.18 

2 60 

2.60 

2 10 

0 57 

1 96 

2 22 

FeaOs, AI2O3, S1O2. . 





0 01 



.... 


100.00 

100 00 100 00 100.00 

100.00 100 00 

100 00 

100.00 

Salinity, per cent. . 

. 14 994 13 790 15 671 

19 558 «23.036 27.72 

22.09 

17.68 


^More correctly, 230.355 g. per liter. 


Compared with the analyses of sea water, the sodium is higher, and 
the lime and magnesia, especially the former, are distinctly lower. Car- 
bonates are nearly entirely absent, but are present to an appreciable extent 
in ocean water. There are other variations in composition between hike 
and ocean water, but in general they are of the same type. Additional 
analyses appear in a monograph by Gilbert.^ Gilbert states (p. 253) 
that the quantity of sodium chloride contained in the waters of the lake 
is about 400,000,000 tons and that the amount of .sodium sulphate is 
about 30,000,000 tons. In the same volume Gilbert also considers the 
different surveys made of the lake, the depth of water, the oscillations of 
its surface, the changes and the causes of change in its area, the sources of 
its saline matter, together with the rate and period of its accumulation. 

The Salt Industry 

Salt has been made by the solar-evaporation process for many years 
along the shores of Great Salt Lake, the industry dating in fact from the 
early settlement of the region. A small amount of salt is reported as 

® Taken from F. W. Clarke: Data of Geochemistry, Bulletin No, 491, *9. Geological 

Survey y p. 144. 

® Gilbert, G. K.; hake Bonneville Monogrwphf U,S, Geological Survey^ vol. i, pp. 
253 to 254 (1890). 
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having been made recently at Promontory Point, Box Elder county; 
Withee, Weber county; Syracuse, Davis county; and at Garfield, Salt 
Lake county. Fifteen miles west of Salt Lake City, near Saltair, is the 
plant of the Inland Crystal Salt Co. The operations at the latter place 
are by far the most elaborate ever attempted along the lake shore. The 
process of obtaining salt near Saltair is described below. 

The brine is pumped from the lake into a flume in which it is carried 
about 3 miles to the ponds, where concentration and crystallization are 
effected. The ponds are designated from the processes taking place in 
them as: Settling ponds, stock or evaporating ponds, and crystallizing 
or harvesting ponds. The ponds are separated from each other by clay 
embankments held in place by boards set on edge. These clay levees are 
2 ft, wide and 22 in. high. Pumping begins in April and continues until 
the first of September, excepting during times of storm. Evaporation 
goes on approximately at the same rate as pumping, which is about 
5,000 gal. per minute, averaging 16 hr. per day from the middle of June 
to the middle of September — the season of greatest dryness and hence of 
maximum evaporation. Pumping is regulated so as to maintain the level 
of the brine in the ponds. 

The brine from the lake goes first to the settling ponds, where it is 
allowed to remain five to six days. Here all suspended matter is depos- 
ited. The settling ponds are estimated to be about 75 acres in extent. 
From the settling ponds it goes to the stock ponds, which cover an area of 
about 1 sq. mile. Here it remains until concentration reaches complete 
saturation and salt is ready to deposit, the length of time depending upon 
the weather. The brine then goes to the harvesting ponds. During 
the summer of 1912, when the writer visited the region, 30 days elapsed 
between the beginning of pumping operations and the time the brine 
reached the harvesting ponds. The brine is conducted from one pond 
to the other by gravity, the flow being controlled by means of small gates. 

In the harvesting or crystallizing ponds, as the name suggests, evapo- 
ration is carried to the point where all salt separates out. To insure 
a clean product, an underlayer, or salt floor, is allowed to crystallize out 
each year, unless it is left over from the operations of the preceding year. 
This underlayer serves as a clean floor upon which the subsequent crystal- 
lization takes place. When it remains from the previous year, as hap- 
pens when the salt crop is larger than the market demands, the salt in 
it becomes more or less dirty. It is then used as stock salt though it 
is a first-class product in every respect. The salt which is marketed 
comes from the upper layer, the plane of demarcation between it and 
the floor being known as the “split.” The average crop is about 3 in. 
of salt. The minimum crop is about 2 in. — the maximum usually 4 in., 
but a crop of nearly 6 in. has been obtained. Three inches is considered 
a good crop. 
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During the course of the salt-making season the bittern formed in the 
harvesting ponds is drawn off twice, once during the middle of the season, 
and again at its end. In this way the salt is freed from the bulk of mag- 
nesium salts and sodium sulphate. Care must be exercised to draw off 
the bittern toward the season’s end, before cold weather begins, to insure 
against precipitation of sodium sulphate, which crystallizes out when the 
water reaches a temperature of 20° 

When the bittern is drawn off for the last time and the salt is ready to 
be lifted, it is loosened by means of ordinary plows drawn by horses. 
(Fig. 3.) It is then stacked by means of scrapers, wheelbarrows, or 
hand cars run on tracks into large piles alongside the railroad which 
traverses the salt field. The salt is conveyed from the stacks to the 
cars, which are transported in turn by means of an oil-burning loco- 
motive to the company’s mill, where the salt is further refined A por- 
tion of the yield may be sold without further treatment, for the differ- 
ent purposes for which rock salt is used. 

\ 

California 

Localities . — More than 97 per cent, of the output of salt in California 
originates from the evaporation of sea water along the coast. The main 



Fia. 4 . — View of Salt Ponds. Olweb Salt Co., Mount Eden, Cal. 


production of this solar salt comes from along the east and west shores of 
San Francisco bay, in Alameda county, and San Mateo county, respec- 
tively. In Alameda county the centers of production are near Alvarado, 
Mt. Eden, Russell, and Newark; in San Mateo county, solar salt is 
produced a short distance south of San Mateo and near Redwood City. 
Other places where salt is produced by solar evaporation are near Long 

^Gilbert, G. K: Loc. ait, p. 253. Taltoage believes the critical temperature of 
the separation to he within a few degrees of the freezing point of fresh water, say 
approximately at 35° F. 
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Beach, Los Angeles county, and on San Diego bay, San Diego county. 
In all these places the operations are conducted along similar lines, but 
they differ considerably from each other in the details worked out by 
individual operators in charge. There is also considerable diversity in 
nomenclature connected with the processes in their various stages. In 
the following account it is aimed to give general descriptions of processes 
with certain details observed at representative plants in the different 
salt-making localities. 

Salt-Making Season . — The concentration of the water in San Francisco 
bay is variable, depending on the season of the year and other factors. 



I'm. 5.-—SALT Ceystallized in a Crystallizing Pond. Leslie Salt Co., San 

Mateo, Cal. 

Tile dilution of the bay water is caused in part by the fresh water from 
the San Joaquin and Sacramento rivers and is increased after winters of 
heavy snow which is not melted away completely until the summer is well 
advanced. Brine is taken into the salt ponds from about the middle of 
May to the middle of October, but the strongest brines are obtained after 
July first, as the dry season lengthens and the inflow of fresh water from 
the rivers and streamsis appreciably reduced. Generally the salt-making 
season is over by Sept. 15, as the rainless season lasts usually from 
May to September. A season as long as 210 days without rain has been 
known, however, along San Francisco bay. 
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The season for 1911 may be taken as a typical one. During the 
summer of that year the evaporation and rainfall as observed at one plant 
were as follows: 

Rainfall and Evaporation in Inches, Season , 1911 

Rainfall, Evaporat ion , 


Inches Inches 

April 1.36 3§ 

May 1.14 5^ 

June 0.67 61!- 

July none 71;- 

August none 7l;l 

September none 4f;: 

October 0.77 2}'! 


The water from the bay or ocean is not taken into tlie works con- 
tinuously, but usually on two to six days each month, depending on tlie 
season when the tides are at their highest. Water is usually taken in at 


Fig. 6.~Geavity Method of Running Brine prom One Pond to Another 
Oliver Salt Co., Mount Eden, Cal. 

% 

the period of the new moon. Sometimes the high tides come twice a 
month, but once a month is the more usual. The periods of highest 
tides are ascertained from the tide book issued by the U. S. Coast and 
Geodetic Survey. During the periods of high tide, water is not running 
into a salt works continuously, but only from 1| to 3 hr. during a given 
high tide. These are statements based on general practice, but it is 
understood that at some plants, where a slough runs through the intake 
pond, salt water may be taken into a given system at any time or every 
day. Thus, at Long Beach the sea water runs into a ditch at every high 
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tide, that is, twice each day. Salt water may therefore be pumped con- 
tinuously day or night from this ditch into the plant. 

In southern California, naturally, the salt-making season is longer 
than it is near San Francisco. At San Diego it is estimated to be about 
seven months, namely, from May to November. On San Diego bay the 
salt water also may be taken in continuously during the salt-making 
season. This is accomplished by draining the tide ponds, whereby water 
may be taken in on every tide above a given height. 

From 1908 to 1912, the mean average date when crystallization of salt 
began along San Francisco bay was as follows: 1908, May 1; 1909, 
May 13; 1910, May 3; 1911, May 25; 1912, April 18. The reason for 
the early date in 1912 was on account of the very few late rains during 
that year. Records are closed, that is, evaporation readings are stopped, 
each Nov. 1, when the days are so short and the weather so cold and 
uncertain that there is practically no evaporation. 

Strength of Brine Used . — The average density of sea water is 1.027, 
corresponding to a salinity of 3.72 per cent, regarded as pure salt. The 
three samples of bay water collected as they ran into plants on the shores 
of San Francisco bay and on San Diego bay gave the results indicated in 
the following table: 


Density and Salinity of Water used in Salt-Making Process on the 

California Coast 


No. 

Baum6 

Specific 

Percentage 


Degrees 

Gravity® 

of Sait** 


23 

3.53 

1.025 

3.44 

Water from San Francisco bay, Mt. Eden. 

28 

3.12 

1.022 

3.34 

Water from San Francisco bay, Alvarado. 

33 

4.10 

1.029 

4.00 

Water from San Diego bay. 

* , 

.... 

1.027 

3.72 

Sea water. 


* Specific gravities were taken at 22° C , but are referred to water at 15° C. 
^ Assumed to be pure NaCl, which is not the case. 


Thus it will be observed that the normal salt water entering the salt 
plants along San Francisco bay is less concentrated than ordinary sea 
water, while the opposite is true of the bay water near San Diego. These 
samples of bay water were collected: No. 23, Oct. 5; No. 28, Oct. 8; 
No. 33, Oct. 17 ; i.e., on days well advanced during the dry, or salt-making 
season. One of the reasons for the difference in density between the 
waters from San Francisco bay and San Diego bay is that farther south 
the warmer and drier season lasts much longer. The evaporation 
therefore is more intense, hence at a given date during the dry season 
the southern waters would naturally be expected to show a higher 
degree of salinity. Other conditions which tend to reduce the salinity 
of the San Francisco bay water are the streams of fresh water which 
flow into it- 

Ponds . — ^The salt-making operations are conducted in what are known 
as ponds, designated from the operations conducted in them. Thus 
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there are: (1) The storage, the intake, receiving or tide ponds into which 
the salt water is received from the bay, (2) the concentrating ponds, and 
(3) the crystallizing ponds. By some operators all the ponds between 
the tide ponds and the crystallizing ponds are known as secondary ponds. 
Technically they may be known as pickling ponds. The term ''lime 
ponds’’ is sometimes applied to those in which the bulk of the gypsum 
crystallizes out. 

The salt or ocean water comes into the works generally through a 
slough, passing thence into the intake, receiving, storage, or tide pond, 
as the first pond is variously called. This pond is provided with large 
fiood gates with automatic adjustments to open them to allow the water 
to run in, but which close when the tide begins to ebb. The salt viator 
remains in the intake pond a variable length of time, in the meanwhile 
evaporating. It is pumped out before the next salt water is taken in. 
It then goes forward through the different ponds becoming more concen- 
trated, until it finally reaches the crystallizing ponds. It is run into those 
latter when it reaches a strength of about 25*=^ Bd., or when salt begins to 
form, usually to a depth of about 6 in. At some plants, when it reaches 
a strength of 29° B^., the bittern with some salt still in it runs over into 
other ponds. Here it evaporates until a concentration of 32° B6. is 
reached, when all the salt is out of it (see table below). The mother 
liquor remaining is then run into the bay and goes to waste at many plants, 
but it seems that some use should be made of the magnesia and potash 
salts contained in it. At some plants a part of it at least is saved and 
utilized as described later in this paper. 


Specific Gravity of Bitterns from Crystallizing Ponds 


No. of 
Sample 

Baum^ 
Reading at 
22® C. 

Specific 

Gravity® 

25 

32.50 

1.286 

26 

29.60 

1 256 

30 i 

27.21 

! 1.231 

31 i 

28.00 

1.239 

32 

28.60 

1.245 

34 

27.50 

1.234 


Locality 


Oliver plant, Mt. Eden, Cal. 

Leslie Salt Co., San Mateo, Cal. 
California Salt Co., Alvarado, Cal. 

Long Beach Salt Co., Long Beach, Cal. 
Long Beach Salt Co,, Long Beach, Cal. 
Western Salt Co., San Diego Bay. 


® Specific gravities were taken at 22® C.., but are referred to water at 15® C. 
They were made by R. K. Bailey, of the U. S. Geological Survey, with a West- 
phal balance. 


Area is one of the dominant factors in the industry. There are plants 
where the total acreage of ponds is as low as 500 acres, but otheiB are 
reported to have more than 2,000. The ratio of the acreage of crystal- 
lizing ponds to that of the whole system was found at two important plants 
to be as 1 to 10, but the older the plant, the more acreage it has for crys- 
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tallizing purposes^ the reason being that the ground becomes thoroughly 
salted down with continued usage. 

The ponds have mud floors. The salt in places is harvested to 
within 2 in. of the mud floors and removed to the main stock piles. The 
remaining 2 in. is shoveled up into smaller piles and this grade is used 
as ice cream and stock salt. 

The ponds are separated from each other by low embankments known 
as dikes. The width and height of these dikes vary greatly. They may 
be as much as 3 ft. above the marsh level and 1 or 2 ft. above brine level 
Some are very narrow, others, especially some of the outside dikes, are 
wide enough and sufficiently well constructed to serve as roadways over 
which teams and autos may be driven. The low narrow dikes or levees 
are not considered by all the salt makers as good practice as they require 
constant attention and repair owing to wash by the waves. Where the 



Fig. 7.— Slough and Wind Mills. Olivek Salt Co., Mount Eden, Cal. 


levees are too iiigh the evaporating action of the wind is interfered with, 
but at San Diego there is not much wind. The dikes between the ponds 
were formerly flanked with sod, but this practice is now being done away 

with.. 

Methods of Pumping * — Pumping along San Francisco bay is done in 
part by Archimedes screws propelled by wind mills; also by means of 
paddle wheels. The average plant may have as many as 40 wind mills. 
Some plants use gasoline engines as an auxiliary power, especially in the 
fall when the trade winds die down. In August, the trade winds slacken 
or blow intermittently and therefore cannot be depended upon. The 
wind mills are set solid to the northwest, from which the trade winds come, 
and from their manner of construction they cannot turn around. 

The wind mills are generally placed so as to pump from the outer 

' VOL. L.™“'60 
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31 ’ intake pond into the next pond. From the latter it is sought to have 
she brine move along by gravity, the flow from one pond to the next being 
controlled by small gates. Wind mills or other means may, however, be 
used for lifting in other parts of the system, when gravity is found to be 
inexpedient. 

Harvesting . — The crop of salt of the preceding season is usually sold 
by July 1 of the following season. Enough salt is then lifted from time to 
time to supply the current demand until Sept. 1, when harvesting is 
pushed as vigorously as possible. At many plants the first salt i.s lifted 



Fig. 8. — Method of Lifting Salt in Harvesting Pond. California Salt Co., 

Alvarado, Cal. 

about June 1, and the operation continued until about the first of January 
or February of the following year if the crop is a big one and labor is 
rather scarce. Ordinarily, however, lifting is finished by December. 
The salt is lifted by hand into small tram cars each holding usually 
about 1 ton. The salt thus lifted is pinkish in hue and the mother 
liquors are likewise pinkish. A small locomotive propelled by gasoline 
or electric power picks up eight cars, more or less, and hauls them to the 
mill; or they may be hauled to the salt piles or stacks and dumped. 
There may be one huge stack near the mill itself from which salt is 
used according to the demand. The latter method perhaps may 
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be the more economical if practicable, for it reduces the surface exposed 
to solution from rains and also the surface which has to be broken up in 
the subsequent utilization of the salt. This latter is an important con- 
sideration, for the surface hardens so firmly that it is broken up only with 
the greatest difficulty; and in some cases the cost of breaking up a particu- 
larly old crust on a small stack costs more than the salt in the stack is 
worth. Sometimes old and small stacks may be discarded completely. 
In some places after standing in the stock piles the salt hardens so firmly 
that crosscut saws have to be used. These saws cut it into 4-ft. lengths 
which are pried apart and then crushed in the subsequent milling opera- 
tions. 



Fia. 0 . — Gjoneral View op Crystallizing Pond and the Laying op Track. 
Leslie Salt Co., San Mateo, Cal. 


When the salt harvested is not taken directly to the mills, but to the 
stacks, it may be manipulated in various ways as outlined below. After 
reaching the works it may be dumped through a hopper on to a screw 
conveyor, passing thence to a bucket elevator, which lifts it to the main 
salt stack. Not every plant can use this method, because the ground has 
to be very firm to accommodate the enormous tonnage of one main stack, 
a condition not easily obtained in regions of marshy land. Sinking of the 
ground may occur and an appreciable part of the product be lost. An 
instance is known where 1 ft. of filling sank each year for a' period of 20 
years. 

Instead of shoveling the salt into small cars to be hauled to the stacks, 
dumped and there elevated, a much simpler and comparatively inexpensive 
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process may be used, in which the salt is shoveled by laborers, a line of whom 
extends the width of a pond, on to an endless belt 20 in. wide, running on 
rollers, which conveys the salt to one side of the pond. The powder is 
furnished by a gasoline engine, but an electric motor might serve as w^ell, 
or. better. As the salt leaves the belt it is washed by a spray of salt winter 
from the bay. It is next dragged up a perforated copper screen, during 
the ascent of which it is again washed with bay water. The endless drag 
chain is provided with forks to break up the larger lumps. The salt is 
then elevated to the stacks by a pan elevator run so that the open mouths 
of the pans are reversed to enable the excess of wash winter to drain. By 
a washing device the main belt which conveys the salt from the pond is 
kept perfectly clean. 



Fig. 10. — View of Salt Pond in which the Salt is being Haevestbd. Long 
Beach Salt Co., Long Beach, Cal. 


The method just described has many labor-saving advantages. As 
soon as a given area of salt has been removed from the crystallizing ponds 
the entire layout is moved forward on tracks provided for the purpose, 
and the salt pile may thus stretch out the length of the pond. The wash- 
ing of the salt likewise is performed at a time when the adhering bittern 
is most readily and completely removed. The salt from the outside 
stock piles is brought up to the mill as needed in 5-ton cars, and there 
subjected to the various operations such as crushing, etc., to fit it for the 
finer uses, or it is re-dissolved and prepared for the vacuum pans. 

At Long Beach the salt is shoveled from the stock pile into small 
cars which are trammed by a rope tram to a hopper through which it 
passes, being ground in the process. It is next elevated by a bucket con- 
veyor and dumped into a bin, which in this case is an ordinary freight 
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car fitted up for the purpose. When the bin is filled the car is motored 
to the mill. 

At San Diego the salt has to be picked as it lies in the crystallizing 
pond before it can be lifted with shovels. The greater firmness of the 
crystallized salt as compared with that along San Francisco bay, which 
makes picking necessary, is possibly due to the greater rapidity of 
crystallization. It is customary to begin harvesting just as soon as the 
bittern is run off the crystallizing ponds. This is due to the fact that the 
salt is easier to pick, shovel, and wash at this stage than at any other. 

It is difficult to give the amount of salt which can be made during a 
given season, as the quantity is variable from year to year, depending 
upon the weather and other factors. Perhaps a thickness of 5 or 6 in. of 
salt per season would be a fair approximation for the region along San 



Fig. 11. — Salt Pile and Plant. Leslie Salt Co., San Mateo, Cal. 

Francisco bay, but in the southern part of the State, owing to the longer 
and drier season, it would be very much larger. At San Diego, for 
example, an average harvest is 6 in. of salt, but two such harvests are 
possible per season, in this region. Hence it is possible to make 12 in. 
of salt per year in this locality. 

Waste Bittern . — The bittern from the crystallizing ponds has never 
been saved at many of the plants in the past and at most of them it is 
even now running to waste. Since the importance of potash salts has 
come to be realized some of the operators have in mind the utilization of 
the potash content of the bitterns, but at most of them nothing definite 
with regard to such use has yet been evolved. At one plant a small part 
of the bittern is saved, refined, and used for medicinal purposes; at an- 
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other it has been used in the manufacture of “wood stone” and in the 
manufacture of magnesium oxychloride cement. The latter substance 
has been found very resistant to the passage of electricity, and hence 
has been applied in the manufacture of switch boards. It is under- 
stood that the bittern has been used by the Santa Fe Railroad to lay 
the dust along its road bed, but experience has proved it to be too 
costly for this purpose, as it has to be renewed too frequently. 

Milling . — ^Prom the nature of the processes employed in the manu- 
facture of solar salt, and more particularly from the differences between 
them and those employed in other parts of the United States, the first 
stages of the milling operations are different in California from the prac- 
tice elsewhere. When the salt is lifted from the crystallizing pond, it is 
contaminated with considerable adhering pickle or bittern and dirt of vari- 
ous kinds. If it is not to be used at once it may undergo a preliminary 
washing, after which it is conveyed to the stacks as already indicated under 
harvesting. If it is to be used iihmediately it is transported to the mill 
and there washed free from adhering impurities. This is accomplished 
in various ways. It may be dumped into a hopper and a current of hot 
brine from the pickling pond poured over it. This brine from the pickling 
pond represents hay water concentrated to complete saturation and from 
which no salt has been crystallized. For a concentrated solution it 
contains the least amount of mother-liquor salts. Its use results in the 
solution of a minimum amount of salt during the washing process. From 
the hopper the salt is lifted in an elevator, draining in the meanwhile. 
It is then passed through rolls where it is crushed into “ half-ground salt” 
or “three-quarter ground salt.” It then goes forward to other vats, 
where there is an artificial brine made from salt and fresh water and in 
which consequently there are no mother-liquor salts. The salt on re- 
moval from these vats is stacked in heaps to drain. The coarse salt is 
then sacked for one branch of the trade. If it is to be subjected to further 
refining processes the salt goes from the vats to a centrifugal machine 
where adhering water is removed. It is then conveyed to driers where it 
is thoroughly dried by steam heat. The driers are elongated cylindrical 
affairs containing steam coils. They are provided with fans to pump 
warm air through them, which greatly assists in the drying operation. 
From the driers the salt goes directly to the rolls where it is crushed. 
From the rolls it goes to the sifters where it is graded according to fine- 
ness, depending on the purposes for which it is to be used. It is then 
ready to be sacked for the trade. At different plants the operations dif- 
fer greatly in details to suit individual tastes and those of the customers. 

At some of the plants the solar salt in the stock piles is re-dissolved’ and 
the finer grades are made by the vacuum-pan process. When the vacuum- 
pan process is employed the manipulation of the salt at the mill may be 
quite different from that outlined above. 
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Discussion 

David T. Day, Washington, D. C. — Consider the United States 
broadly and the distribution of the salt industry. Think of the old 
solar-evaporation process up in New York State, then of the more recent 
processes in Michigan and Kansas and Louisiana, where the rock salt 
furnishes a large industry, then of the solar-evaporation process at Salt 
Lake, then turn to the crucial place in the United States where there is 
an embarrassment of salt, and that is California. I am not forgetting 
the immense body of salt east of that in the Virgin River country of Utah; 
but in California the situation is interesting. There are very large 
quantities of salt in the Searles Marsh region; again, in Southern Cali- 
fornia, at the southern end of Death Valley, there are two or three moun- 
tains of salt which have been explored recently, where the salt is sufid- 
ciently pure to be used at once. There is also a large deposit of gypsum, 
and it would be possible there, by extremely cheap means, to produce an 
amount of salt sufficient to furnish the United States’ greatest needs. 
The principal reason that capital has been deterred from developing such 
a large mass is not the fact that solar evaporation produces a great deal 
of salt around San Francisco, but the fact that if potash salt is to be 
produced in connection with the salt in the borax region a great deal 
of ordinary salt must be disposed of. It cannot be dumped, for it would 
get back into the brine again; the first rains would bring that salt back into 
solution again. It must be sold, given away, or hauled to a distance, 
which would mean a considerable freight charge. The salt will be going 
begging. 

E. G. Spilsbuey, New York, N. Y. — The remark of Dr. Day’s regard- 
ing the likelihood of the production of a large amount of waste salt brings 
to my mind the condition that obtains in Germany in all of the potash 
fields. 

In Germany salt is a government monopoly. In the development of 
the potash deposits, it becomes a grave question as to how much salt they 
may be allowed to extract and bring to the surface. 

In sinking a shaft that I was connected with, near Hanover, we had 
to go through 800 ft. of rock salt before we struck the potash deposit, 
which always, in that section, lies between what is known as the “Old 
Salt” and the “Young Salt.” In this ease the Young Salt was about 800 
ft. in thickness, and we had to go through that. The question of what 
to do with that salt was a serious one. The government insisted that 
we build a covered bonded warehouse for it and all of the salt taken out 
of that 31-ft. diameter shaft for 800 ft. in depth had to be stored in the 
warehouse and kept in bond for the government. The suggestion that 
we should merely stack the salt up was not allowed, because in rainy 
weather the washings from it might probably be collected by the farmers 
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around and used for pickling, and so the government would lose the 
royalty on it. 

Of course, after we got down into the potash deposits the trouble 
was not as great, and to-day those bonded warehouses are all empty. 
The salt has been taken back into the mine and used for filling where the 
potash has been taken out. That Dr. Day should have pointed out the 
real difficulty of potash recovery is very interesting. 

Another matter in this paper which attracts my attention is the 
difference of the methods used in this country for the concentration of 
the brines from those used' in Germany, Austria, and Hungary. Instead 
of using “aprons,” as described in the paper, they erect a long staging, 
about 30 ft. high and varying from one to two or three miles in length. 
Both sides of the staging are filled in with brushwood, with the fine ends 
down. The brine pumped from the wells is conveyed along a perforated 
trough the whole length of these evaporating and concentrating stacks, 
and trickles down on both sides of the 30-ft. high brush heaps, and in that 
way the evaporation is carried on very cheaply, profitabl}', and perfectly. 
The droppings of concentrated brine are collected in troughs in the bottom, 
and conveyed to the salt-boiling establishments. It seems to me that 
in this country, particularly in the West, an adaptation of this method 
' would be much cheaper than the methods now used, the evaporation in 
ponds, which necessitates the plowing up of the salt and the rehandling — 
when the concentration can be brought to the actual point of saturation 
by such a cheap and labor-saving contrivance as they have in Germany. 

W. Linboben, Boston, Mass. — I simply want to call attention to the 
fact that in the German schools a great deal more time is given to the 
subject of the treatment of salt than in the United States. You will re- 
call, all of you, the title of the Prussian journal, Zeitschrift fur Berg- 
Hiitten und Salinenwesen, which is studied extensively, and in all the 
technical mining schools there are special courses on this subject. 

David T. Day. — It seems to me that Mr. Spilsbury's proposition 
is one worth a good deal of study and consideration. The lifting of all 
this salt while it is in solution, by a simple pumping operation, means 
avoiding all shoveling, and manual labor, which is pretty hard to get 
in the neighborhood of San Francisco. To take this salt up in a saturated 
state seems to be an ingenious idea that ought to be developed. 

E, G. Spilsbuby. — ^The question of pumping the entire amount of sea 
water up to 30 ft. and distributing it as described would not be as eco- 
nomical as the first operations in the present salt pits or tanks. In 
Germany, their method has been developed, not for handling sea salt, 
but for pumping brine from wells. The brine is pumped from wells, 
and therefore the extra 30 ft. of pumping did not amount to very much. 
If it were applied here to the American conditions, I think it would be 
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more economical to make the first concentration in the solar pits and then 
pump the fairly concentrated brine up and finish the concentration on 
the brush evaporators. 

H. Ries, Ithaca, N. Y. — Is that German method still as extensively 
used in Germany as heretofore? 

E. G. Spilsbuey. — Yes, you can notice these long high brush heaps 
for miles along the railroads, in the salt-well country. 

H. Ries. — Does the bittern rejected at San Francisco bay contain 
any bromine? 

David T. Day. — Yes, the amount of bromine seems to be consider- 
able, but practically no use is made of it, except an extremely small 
amount for medicinal purposes. 
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Asbestos in Southern Quebec 

BT JOHN A. DRESSEB, SAULT STE. MARIE, ONT., CANADA 
(Pittsburgh Meeting, October,' 1914) 


General 

The controlling supply of asbestos for the world is obtained from 
southern Quebec, 150 miles or less north of the international boundary line 
between Canada and the United States, and about 75 miles south of the 
city of Quebec. The principal production is furnished by eight mines, 
seven of which occur within a distance of 6 miles, but there are also 
several smaller properties in the vicinity. The industry was begun in a 
small way some 35 years ago and has advanced more or less regularly 
ever since. The annual production now exceeds 100,000 tons and its 
value is about ' j,'i ".m "Xi. It represents over 80 per cent, of the world’s 
production. 


History 

Asbestos has been known in the eastern townships of Quebec since 
1847, when attention was called to it in an official report by Hir William 
Logan, the first Director of the Geological Survey of Canada, but it was 
not until 30 years later that it came into commercial importance. The 
largest deposits, those of Thetford and Black Lake, were found in 1877 
during the construction of the Quebec Central Railway. Work was begun 
upon them almost at once and has been continued ever since. 

The Danville mine, the next largest producer, was opened in 1879, and 
the slip-fiber deposits of East Broughton were located shortly afterward. 

Por the first^l5 years only the “crude” asbestos was recovered; that 
is, fiber long enough to be extracted by hand cobbing. Although this is 
still a valuable part of the production, it is now a relatively small part 
of the total output. 

After several trials, a process of mechanical concentration was begun 
about 1893 by some of the pioneer operators of the district, which with 
many modifications has been successfully used ever since. Although there 
have been numberless changes in the operation and appliances, the 
present practice is a direct development of the first principles of the 
earliest attempts at concentration, and much credit is due to those who 
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originated it. Its effect maybe realized when it is stated that in leading 
mines to-day 95 per cent, of the quantity and 75 per cent, of the value of 
their total production is obtained by mechanical concentration. 

The growth of the industry is best shown by quoting the production of 
a few years taken at regular intervals: 


1878 

Production, , 

Tons 



1882 

810 

$52,650 

1892 

.... 6,082 

390, 462 

1902 

30,219 

1,126,688 

1912 

111,175 

3,059,084 


Access and Location 

All the mines have easy railway access. The principal shipping 
stations are Thetford Mines, Black Lake, and East Broughton on the 
Quebec Central Railway, a part of the Canadian Pacific system, and 
Danville, on the Grand Trunk Railway. Thetford Mines is about 76 
miles from Quebec, 67 miles from Sherbrooke, and 168 miles from 
Montreal. The other stations mentioned are from A. to 18 miles from Thet- 
ford Mines, except Danville, which is some 50 miles distant, on the Grand 
Trunk Railway, 88 miles from Montreal and 86 miles from Quebec. 

Geology^ 

The asbestos deposits are found in the hilly country of southern Quebec 
known as the Eastern Townships. Much of the district has been settled 
for upward of 100 years and is now generally occupied by small dairy 
farms. The hills are a continuation of the Green mountains of Vermont, a 
part of the Appalachian system. 

The geological structure is complex. There has been intense folding, 
faulting, and regional metamorphism. Glacial drift conceals a great 
part of the rock surface, but glacial erosion has been an important factor 
in uncovering and exposing the deep-seated rocks in which asbestos 
occurs. The asbestos is in a series of basic igneous rocks which occur in 
stocks and sills, that have intruded sedimentary strata of Cambrian, 
Ordovician, and in places of Silurian age. These basic intrusives are 
part of the well-known and extensive series which appears at frequent 
intervals in the Appalachians from Georgia to Newfoundland, and yet 
in a distance of 2,000 miles the commercial production of asbestos is 
almost entirely limited to this small district. 

' The geology niul general character of the district are more fully described by 
the writer in Memoir No. 22, Geohgieal Survey of Canada (Ottawa, 1913). 
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The priacipal t3T)es of igneous rocks are peridotite, pyroxenite, 
gabbro, and ^abase. They are products of differentiation from a 
single magma, and are characteristically arranged in the order given 
above from the base upward in sills, and from the center outward in 
stocks. This order, it will be noted, is that of decreasing basicity and 
density. A relatively small amount of hornblende granite which is also 
present has generally been intruded a little later than the basic rocks. 

Peridotite is altered in important amount to serpentine, and pyroxe- 
nite generally to soapstone, but in places probably also to serpentine. 

Character and Mode of Occurrence 

The asbestos is entirely of the chrysotile variety, and has essentially 
the same chemical composition as serpentine, in which rock only it occurs. 
There are two types of asbestos in this district: namely, “cross-fiber” 
asbestos, and “slip,” "parallel,” or “mass fiber,” asbestos, the three terms 
being used almost interchangeably. 

Cross-fiber Deposits . — ^This variety furnishes the major production, 
both in quantity and value. It occurs in yeins up to 2 1/2 in., or rarely 
3 in. wide; the greater number are 1/2 in. or less in width. The fibers, as 
the name implies, lie crosswise the vein. 

The veins rarely reach a length of 200 ft., but are usually very much 
shorter, the greater number being only a few feet in length. They run 
in all directions through the rock, in places cutting one another abruptly, 
but more frequently uniting at meeting. A careful examination shows 
that many of the larger and more persistent veins show an approach 
to a rectangular arrangement, and probably represent Joints in the 
primary rock. Others have a roughly parallel order and denote fractures 
due to regional compression, while many smaller veins truncate the corners 
of rectangular joint blocks in shell-like form. 

Vein Structure and Origin . — The veins are usually divided into two 
parts by a thin seam of iron ore, generally magnetite, which is parallel to 
the sides and near the center of the vein. Bordering the veins on each 
side there is invariably a band of serpentine about three times the width 
of the vein. The country rock near the veins is peridotite of the most basic 
phase (dunite) that occurs in the district. There is incipient serpentiniza- 
tion in all parts of the peridotite, but commercial asbestos is found only 
between walls of completely serpentinized rock whose thickness is pro- 
portional to the width of the vein. Microscopic and chemical evidences, 
as weU as the distribution of the veins, point conclusively to the origin of 
the asbestos by alteration and recrystallization of the country rock in situ. 
Microscopically it is evident that the asbestos fibers have grown out- 
ward on each side from the seam of iron ore mentioned above; chemically 
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there is no distinction between the asbestos and serpentine, while an 
essential difference between serpentine and peridotite is that the former 
contains 12 to 14 per cent, of water. The position of the veins and the 
deep-seated character of the rock make it impossible that such open fissures 
ever existed where the veins are now found. While much remains to be 
explained both as to the processes and their causes, the facts are self- 
evident that zones of the country rock have been altered to serpentine 
and proportionate parts of these have taken tbe form of asbestos veins. 
From the persistence of the seams of iron ore within, or at the sides of, 
the veins, and the correspondence of the position of the principal veins to 
that of joint and other fractures, the iron seams are believed to mark the 
original channels by which circulating waters have been introduced which 
produced the hydration of the peridotite and its alteration to serpentine, 
a certain portion of which has crystallized as asbestos. 

The source of the water has given rise to considerable discussion. 
The fact that much excellent asbestos has been found near granite dikes 
has given rise to the opinion that magmatic waters accompanying the 
intrusion of these has been the cause. Locally there is much to support 
this view, but viewed broadly the small amount of granite as well as its vari- 
able distribution make it improbable that it has been the chief cause. 
Magmatic waters accompanying the peridotite itself are a 'more likely 
cause. Yet, this rock was solidified and was afterward fractured both by 
contraction (joints) and by regional deformation before the waters could 
have been introduced. On the other hand, the present water level is 
comparatively near the surface in this district, and, as the region is one 
that suffered great erosion in glacial times, the present stxrface may long 
have stood below ground-water level. It is not proved that meteoric 
waters are not a competent cause to produce these effects and at least a 
share in the cause may probably be attributed to them. 

In the deepest workings yet made, which are a little more than 200 ft. 
deep, there is no apparent change in the quantity or quality of the 
product, and no deposit of serious importance has yet been exhausted. 
The principal deposits are found in the most basic parts of the peridotite 
(dunite) ; that is, near the base of sills or toward toe central parts of stocks. 
Owing to glacial erosion having been more effective on the north side of 
the stocks several deposits are found near the north edge of the peridotite 
core of the principal stock. 

Slip-Fiber Deposit.— Slip-fiber or parallel-fiber asbestos is a fibrous 
phase of serpentine in which the fibers are arranged parallel to adjacent 
cleavage faces in the rock. In places the rock is almost entirely in a 
fibrous condition and the name ** mass-fiber is sometimes used for such 
occurrences. It is probable that this class of asbestos has been derived 
from pyroxene. 

Where slip fiber is abundant the proportion of asbestos in toe rock is 
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much higher than in the case of the cross-fiber occurrences. But much 
of the slip fiber is short and the proportion that is recoverable and u.seful. 
though higher, is not so greatly different from that obtained from the 
cross-fiber mines. Only a little “ crude ” asbestos is obtained from deposits 
of this class. 

Mining and Dressing " 

Mining . — The distribution of the asbestos is such that all the rock 
within the area mined must be handled. Except in one mine where under- 
ground .work is quite extensively carried on, though princij)ally in winter, 
or for development purposes, the mining, or rather quarrying, i.s all open- 
cast work. The ground is cut down in benches, generally 6 to 12 ft. high, 
which are carried across the floor of the pit so as to afford sufficient work- 
ing face. Several of the pits have reached a depth of 200 ft. from the 
original surface and are from 600 to 1,200 ft. or even more in length. 

Handling . — ^Hoisting is done by means of cable derricks with boxes 
carrying about a ton each. In one case a tramway enters the pit through 
an inclined tunnel and the rock is hauled out in cars drawn by a cable. 
Hauling on the surface is done by small locomotives wnth side-dumping 
•cars of 4 or 5 tons capacity. 

Dressing . — The separation of fiber from the rock commonly begins in 
the pit. Rock containing “crude” — ^that is, veins 3/4 in. or more in 
width and of good quality — is sent to the cobbing sheds for hand separation, 
and asbestos that is liberated by the breaking of the rock in the pit is 
collected in hand boxes; dead rock is taken to the w'aste dump, and the 
remainder, usually 35 to 60 per cent, of all the rock handled, goes to the 
ore bins, or directly to the mill for mechanical concentration. 

The milling practice varies somewhat in different mills, but is very 
similar in all. It consists essentially of coarse crushing, drying, and 
alternate finer crushings and screenings. At each screening, the asbestos 
then liberated is drawn off through overhead pipes by suction fans and 
collected in settling tanks. When thoroughly screened from dust and 
classified according to length of fiber by means of a rotary screen, the 
different grades pass to their respective storage bins, or in some mills is 
mechanically bagged. 

In the coarse crushing, jaw crushers are used, and gyratorios and 
frequently rolls for the finer crushing. When rolls are used special ap- 
pliances are needed for teasing out the fiber, which becomes compressed 
into matted sheets by the rolls. The final crushing of the rock is effected 
by a specially designed “cyclone.” This consists of two “beaters” or 
fans of chilled iron, in shape like thescrew propeller of a boat and weighing 

* The methods of mining and concentrating have been very fully described by 
the late F. Cirkel in Puhlicalton No. 69, Mines Branch, Department of Mines 
(Ottawa, 1910). 
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upward of 100 lb., which revolve at a speed of 2,000 rev. per minute, or 
more, in a closed chamber. From the rock fragments thus driven to- 
gether the smallest particles of asbestos are released and collected as 
before. 

Suction fans for the removal of dust from the cyclone, the classifier, 
and sometimes from the mill, are important accessories to the equipment. 
Magnets are usually placed over the shaking screens to eliminate particles 
of iron ore. The average recovery of cross fiber seems to vary at dif- 
ferent properties between 3 and 8 per cent, of the rock treated; slip 
fiber, perhaps 2 or 3 per cent, higher. 

Product , — The fiber recovered in the mill is classified into three or more 
grades, the crude asbestos usually into two grades. The adoption of 
a standard classification has been discussed, but owing to local differences 
in the character of the fiber, as well as other causes, no standardization 
has yet been effected. Each mine follows its own grading and there is a 
lack of uniformitj'’ in the products of different mines. An arbitrary 
classification that has been adopted by the Department of Mines of the 
Province of Quebec is as follows: 

Crude Asbestos, Hand Cobbed 
No. 1, — Value $200 per ton or more. 

No. 2. — Value less than $200 per ton. 

Mill Stock, Mechanically Separated 
No. 1. — Value $45 per ton or more. 

No. 2. — Value $20 to $45 per ton. 

No. 3. — Value less than $20 per ton. 


The production of 1912 was as follows, according to the classification given above: 


Quantity of Rook Mined 
1,870,608 Tons 


Shipments 


Stock on Hand 

Qualities 

No. of Men! Wages 
Employed I Paid 

Tons 

Value 

Av. per 
Ton 

Tons 

Value 

Crude No. L.. 
Crude No. 2. . - 
Mill Sk. No. 1. 
Mill Sk. No. 2. 
um St. No. 



* 

' 

1,914 

3,766 

1 3,682 

1 32,689 
69,097 

$510,785 

379,446 

237,203 

1,018,960 

912,691 

$263.16 

100.76 

64.42 

31.17 

13.21 

867 

2,867 

2,370 

8,234 

6,838 

$221,215 

310,596 

137,106 

301,774 

131,206 

, j 

Totals 

2,010 ;$1,377,444 

J 

111,175 

3,059,084 

27.52 

24,176 

1,102,206 


The stock on hand at the beginning of the year 1912 amounted to 
33,751 tons, valued at $1,583,076. 

XJm . — A small proportion of the crude asbestos is used for making 
asbestos cloth and various fire-proof textiles, A much greater amount 
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is used for covering and insulating purposes. Boards, shingles, and roof- 
ing felts for fire-proof construction, materials for electric insulation and 
protection from acids, and boiler and pipe coverings are the forms of 
manufacture in most common use. There is only one plant for the 
manufacture of asbestos goods in Canada, the Asbestos Manufacturing 
Co., at Lachine, Quebec. This plant makes shingles and other roofing 
materials, pipe covering, mill boards, and asbestos lumber for the Canadian 
and European markets. Its consumption is about 5 per cent, of the 
total output of the mines of Quebec. Approximately 75 per cent, of the 
output of these mines is exported for manufacture to the United States, 
and the balance to Great Britain, Germany, France, and other European 
countries. 

Condition and, OuUook for the Industry 

There has been a decrease of stock on hand during the past two years. 
This seems to indicate that the industry is emerging successfully from a 
critical condition into which it was thrown four years ago by a rapid 
overproduction, which resulted from some extravagant financial 
promotions. 

The deposits are large and the principal mines seem to have almost 
inexhaustible reserves. Consequently the plants installed are of a durable 
character and around the mines substantially built towns have grown up. 
The labor is largly obtained in the locality. Many of the men own their 
houses, living conditions are favorable, and there have been no serious 
labor troubles in the history of the industry. 

For the immediate future, or as long as mining can be done by open- 
cast methods, the cost will probably vary only with the nature of the 
ground, the depth of hoisting, and the price of labor and materials. But in 
methods of concentrating changes are more likely to take place. The pres- 
ent practice is the result of 20 years’ experience, during which time many 
changes and great improvements have been made. At present the prac- 
tice of different mills varies considerably in details and probably also in 
eflSciency. 

The enlargement of the market for manufactured goods, which is 
steadily growing, depends largely on the skill and enterprise of the 
manufacturers and the supply of substitutesfor asbestos. The constantly 
increasing price of lumber must improve the field for shingles and asbestos 
lumber, while the ingenious applications of asbestos for heat-resisting and 
insulating materials seem likely to give it a continued advantage over any 
substitutes at present known. 

The absence of rival fields for so long a time is rather remarkable. 
Similar rocks in like associations are known in many parts of the world, 
yet the only sustained and growing production outside of Quebec is ob- 
tained from the Ural districts in Eussia, the UnitedStatesandSouth Africa 
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being much smaller producers. In his report on Mining Operations in 
the Province of Quebec for 1912, T. C. Denis, Superintendent of Mines 
of Quebec, cites the following statistics for the year 1910, from the Colonial 
and Poreign Statistics of the Home Ofi&ce, London. The quantities are 
given in metric tons and values in pounds sterling : 


Cape Colony 

Cyprus 

India 

Rhodesia 

Natal 

Transvaal 

Russia (approximate) 
United States 


Production 
kdetric Tons 

Value 

1,273 

£23,143 

442 

2,754 

3 

6 

301 

3,320 

2 

15 

70 

2,575 

10,936 

82,000 

3,360 

14,036 


Total outside of Quebec 16,377 £127,849 

Quebec 73,124 £548,184 


Discussion ■ 

E. G. Spilsbury, New York, N. Y. — Referring to the methods of crush- 
ing, is there any special way of feeding the material — the cross-grained 
asbestos — to the rolls so that the crushing effect is only lengthways of 
the fiber, or does it all have to go in and produce its portion of broken 
fiber? 

John A. Dresser, Sault Ste. Marie, Ont. — ^Mr. Spilsbury’s question 
is a very important one, economically. Unfortunately, it is not possible 
to feed the crushers in any way such that the fiber may not be broken 
and shortened, and its value much reduced. The coarse crushing is 
usually done by jaw crushers, after which gyratory crushers are used for 
the finer crushing. Rolls are also used for the finer crushing. Where 
rolls are used it is necessary to have a teasing apparatus for bringing out 
the fiber, which is apt to become matted by the action of the rolls. Any 
hard material in the rolls is apt to break and shorten the fiber. If we 
have asbestos fiber % in. long that might be worth SlOO a ton, and that 
fiber is broken into two parts, it might only be worth about $30 to $40 a 
ton. Some mills have attempted to do without roUs entirely and are 
doing so. After the fiber to about ^ in. has been removed, the material 
is fed to an specially designed machine known as the “cyclone” crusher. 
It is said to be a devdopment of the principle of the fanning mills used in 
the West for blowing the husks off grain. It consists of steel chambers 
in which are two fans made like screw propellers, which usually face each 
other and are carried on horizontal shafts. These weigh 90 to 100 lb., 
and revolve at about 2,(X)0 rev. per nunute, in opposite directions, and 
voi* n.— 61 
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the material fed ia is finely pulverized. The smallest particles of as- 
bestos are thus released. When the material reaches that stage it means 
almost the destruction of the fiber; so the practice is to draw off the fiber 
wherever it is possible to do so. But there seems to be no means of doing 
this completely without seriously lessening the value of the product 
by shortening the fiber. 

Bavib T. Day, Washington, D. C. — ^What is the material known as 
asbestic? 

John A. Deesser. — An ordinary mortar carrying a certain percent- 
age of very short fiber, used as a binder, and possibly because it has a 
little better fire-resisting qualities than ordinary mortar. The fine 
material which is added to the lime is hardly distinguishable from dust. 
It is said to give slightly better fire-resisting qualities, but I do not know 
that its binding qualities are especially important. It gives a very 
smooth surface. It is a by-product at one of the larger mines. 

D. T. Day. — Is there any effort made to use the serpentine which 
invariably occurs on either side of the cross-fiber vein? 

J. A. Deessee. — ^No, except in so far as the tailings are used for 
asbestic. 

D. T. Day. — What has become of the deposit of asbestos in the bottom 
of the Bright Angd trail in the Grand Canyon. 

W. Linboebn, Boston, Mass. — ^It is still there, I have no doubt, but 
the question is to get it away from there. 

I have a couple of questions I would like to ask Mr. Dresser. We 
all know what exhaustive examinations he has made in the asbestos 
regions, so I would be glad to have him give the results of his examination 
regarding these queries; In speaking of the slip-fiber variety of asbestos, 
does the transformation of the rock to this material go through the 
serpentine stage or is it directly altered to asbestos from pyroxene or 
amphibole? Another question concerns the gravitative differentiation 
of stocks into acidic and basic rocks. We know that such separation 
takes place in sills, but is it not a little difficult to apply thfe theory to 
stocks? In stocks the separation usually takes place ^ong the periphery, 
the basic material seemingly consolidating first along the 

J. A. Dbbssbe. — ^In so far as is known from a general examination, 
I t hink that the alteration in the first instance has been to serpentine 
in each case. In the case of slip-fiber asbestos deposits, however, the 
serpentine is principally derived from pyroxene, but this pyroxene is 
probably primary. 

As to the qu^tion of differentiation of stocks, there is a variation 
vertically as well as horizontally. We find stocks that have an entire 
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ring-like arrangement, though they are seldom syiametiioal. The basic 
core is frequently found near one side of the stock in this annular ar- 
rangement. We get this in all states from a complete annular arrange- 
ment to an arrangement going three-fourths way around and finally pass- 
ing out into a laccolith, or thickened sill. Differentiation seems to have 
taken place within the stocks themselves as there is an acid cap forming 
the upper parts of many of them. So we have cases of hills showing 
serpentine near the base but covered entirely over the top by diabase 
or porphyrite. 

In one case a man, who thought that mining meant always driving a 
drift or shaft, drifted into diabase at the side of a hill, passed through 
diabase, pyroxenite, and finally got into peridotite, in a distance of 
scarcely 100 ft. Peridotite, p 3 Toxenite, and diabase are all differentia- 
tions from a single magma and arranged in this order from the base up- 
ward and from the center outward. This arrangement, which is well 
established for this district, is comparable to that described recently 
by Duparc and Pamfils in the Ural district in Russia. 

H. A. Wheeler, St. Louis, Mo. — Some years ago a deposit of asbestos 
was discovered in the serpentine hills at Tompkinsville, Staten Island, 
N. Y. It occurred in fibers 10 to 20 in. in length, that were very coarse 
and brittle. After some desultory prospecting it was finally abandoned, 
as it occurred in small pockets, not veins. 

H. Ries. — What is the greatest depth recorded at which asbestos is 
found? You said pits had reached the depth of 200 ft., I believe. 

J. A. Dresser. — ^As far as I know 325 ft. is the maximum depth of the 
largest pit. Borings are reported from which some little fiber was 
obtained at 400 ft.; but I do not know in what quantity. There appears 
to be little difference in the quaMty at different depths. It is always ir- 
regularly distributed, making the ground extremely spotted. Because 
we have it at 300 ft. in some places it does not necessarily occur at that 
depth in another place. I should say that is the greatest depth that 
it is undoubtedly proved. We are usually able to work the pits aU winter. 
At one plant there are some underground workings of considerable ex- 
tent, Ordinarily there is a good deal of loss from snowfall if the output 
is not properly managed, but under ordinary market conditions aU can 
be worked the year around. The rain causes a serious hindrance in 
workings, as well as snow. 
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Asbestos Deposits of Georgia* 

BT OLITBR B. HOPKINS, t ATLANTA, QA. 

(Pittsburgli Meeting, October, 1914) 

As prefatory to the body of this paper, a few general statements 
will be made (1) in regard to the history and importance of the asbestos 
industry, (2) as to the principal sources of the raw material, and (3) as to 
the types and modes of occurrence of asbestos. 

While the modern asbestos industry is comparatively new and its 
growth during the last decade or two has been marvelous, asbestos has 
been known and used in a small way for probably 2,000 years — at least 
since the time of the Roman Empire. Pliny refers to it as “the funeral 
dress of kin gs ” and Plutarch records its use as lamp wicks. In the middle 
of the 18th century the deposits of the Ural mountains were opened up 
and the first factory for the manufacture of asbestos goods was estab- 
lished. But, owing to the limited demand for the goods, the industry dis- 
appeared and interest lapsed until about 50 years ago. Since 1860, the 
asbestos industry has made wonderful strides, and each year sees new 
uses to which the material can be put, and hence an increased demand 
and an increased output. 

Of the three great producers of asbestos, Canada, Russia, and the 
United States, Canada stands pre-eminent, producing from one-half 
to three-fourths of the world’s supply; Russia comes second, producing 
in 1911 about two and one-haK times as much as the United States. 
In 1912 the Canadian production,’^ including both asbestos and asbestic, 
was 131,260 short tons, valued at $2,979,384; while during the same year 
the production of the United States* was 4,403 tons, valued at $87,959. 
Canada holds the first place in the production of raw asbestos, while the 
United States holds the first place in its manufacture. 

Although the production of asbestos in the United States is comparar 
tively small there are deposits of varying importance in the following 
States: Vermont, Virginia, North Carolina, Georgia, Wyoming, Idaho, 


* Published by permission of the Geological Survey of Georgia, 
t Assistant State Geologist of Georgia. 

^Summary Report of the Mines Branch of the Department of Mines of Canada, 
year ending Dee. 31, 1912. 

* J. S. Diller: Mineral Resources of the United StaAes, 1912, Advance Chapter on 
Asbestos. 
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Arizona, and California. Of these States, asbestos has been worked 
commercially in Vermont, Virginia, Georgia, and to a small extent in 
Wyoming, Idaho, and California. In production, Vermont ranks first 
and Georgia second. 

Asbestos-Forming Minerals 

The 1 sbcijtos-forming minerals come naturally under two heads, 
amphibole and serpentine. In the amphibole group there are a number 
of different minerals of quite variable compositions, while under serpen- 
tine there are only two which have practically the same composition, and 
only one which is of importance. The following tabulation shows the 
relationships of these minerals: 

Asbestos-Forming Minerals: 

Amphibole Group. 

Orthorhombic division. 

Anthophyllite, (MgFe)SiOs. 

Monoclinic division, 

Tremolite, CaMg8(Si08)4. 

Actinolite, Ca(MgFe3)(SiOs)i. 

Mountain Leather, 

Mountain Wood. 

Mountain Cork. 

Crocidolite, NaFeSigOe.FeSiOa. 

Serpentine, H4Mg8Si2O0. 

Var. Chrysotile. 

Var. Picrolite. 

The most important of these minerals in point of view of quantity 
and accessibility are chrysotile, anthophyllite, and crocidolite; while 
from the point of view of commercial application chrysotile is by far the 
mo^i important with anthophyllite probably second. The amphibole 
type of asbestos occurs in Georgia, Idaho, North Carolina, and Virginia; 
and the serpentine variety occurs in Vermont, Wyoming, Arizona, and 
California. 

What are the properties of asbestos upon which its value depends? 
An answer to this question involves the knowledge of the physical 
properties of asbestos and gives an insight into the uses to which the 
material is put. The most important properties are its fibrous quality, 
resistance to heat and acids, and low conductivity. Under the head 
of fibrous quality the following characteristics may be considered: 
Fineness, length and flexibility of fiber, and tensile strength. Not only 
do the various types of asbestos vary widely in regard to these properties, 
but the relative value of the properties varies with the use to which the 
material is put. In regard to fineness, length, flexibility of fiber, and 
tensile strength, crocidolite is quite the equal of chrysotile, and superior 
in some respects; but in fire-resisting properties crocidolite is seriously 
lacking. Anthophyllite is equal to any other type of asbestos in regard 
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to its resistance to acid and heat and insulating properties, but far in- 
ferior to chrysotile in regard to flexibility, flneness of fiber, and tensile 
strength. Thus it is that the anthophyllite, and the related types of 
amphibole asbestos, which constitute the most important deposits in the 
Southern States, are classed as low grade. Anthophyllite is not suitable 
for some of the purposes for which chrysotile is used, and hence it is con- 
sidered of little or no value by some of the producers of higher grade 
material; but where quality of fiber is not important and where resistance 
to heat and acids and low conductivity are essential, anthophyllite is as 
valuable as any other type of asbestos. 

Asbestos occurs in three forms:® as cross fiber, slip fiber, and mass 
fiber. When the asbestos occurs in veins with the fibers at right angles 
to the inclosing wall s it is called cross fiber; when the fibers are parallel 
to the inclosing walls it is called slip fiber; and when the asbestos forms 
the entire rock mass composed of bundles of fibers arranged in all direc- 
tions in respect to each other, often in somewhat radiating forms, it is 
called mass fiber. Cross fiber may be converted to slip fiber by move- 
ments of one wall in respect to the other. Slip fiber is found in the 
slipping plane, and the direction of the fibers records the direction of 
motion. 

Chrysotile occurs as cross and slip fiber, but never as mass fiber; 
its characteristic mode of occurrence is as cross fiber. Fibrous tremolite 
and actinolite occur only in slip-fiber veins, while anthophyllite occurs in 
all three forms, but its characteristic form is as mass fiber. 

Diller^ has recognized four modes of occurrence of asbestos in the 
United States, which are as follows: 

"The first mode is as cross-fiber veins of chrysotile in serpentine derived from 
peridotite, a deep-seated igneous rock, as near Lowell, Vt., and Casper, Wyg. So far 
as known, it is much the most important mode of occurrence' and is well UUistrated at 
the Thetford mines, in Canada. 

“A second mode is as cross-fiber veins of chrysotile with serpentine in limestone. 
Its most important illustration is in the Grand Canyon of the Colorado in Arizona. 

“The third mode of occurrence is as mass-fiber amphibole (anthophyllite), com- 
posing stacks and dikes of fibrous amphibolite, and is well illustrated in the deposits 
worked for many years at Sail Mountain, Ga. 

“The fourth mode is as slip-fiber veins in rocks which for the most part are cort- 
landite and pyrozenite, but which locally pass into peridotite, as at Bedford and 
Eockymoimt, Va.” 

Location 

The asbestos deposits of Georgia are associated with the crystalline 
schists of pre-Cambrian age which occupy both the Piedmont Plateau 
and the Appalachian Mountain provinces. While asbestos has been 

* Diller, J. S.; Bulletin No. 470, U. S. Geological Swvey, p. 506 (1911). 

‘Op. cit., pp. 606 , 607 . 
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found associated with basic igneous rocks over a large part of the area of 
crystalline schists, the distribution of commercial deposits is much more 
limited, and is, in general, confined to a belt extending from Rabun and 
Towns counties southwest into Alabama in the neighborhood of West 
Point. And even in this belt, which includes all of the deposits likely 
to be of commercial value, the most important deposits are grouped in 
its northern part, and more specifically in Rabun, White, and Habersham 
counties. 


Associaied Rocks 

The asbestos deposits of Georgia are limited in their distribution to 
the areas of basic, igneous rocks, which are represented in large part by 
the following types: Hornblende schist, hornblende gneiss, diorite, 
gabbro, peridotite, and pyroxenite. All these types of rocks, except 
peridotite and psuroxenite, have a wide distribution in this State. The 
hornblende schist and hornblende gneiss are found in varjdng quantities 
in every county in the crystalline area, occupsdng long narrow bands and 
folded with the rocks of the Carolina gneiss series, which vary from mica 
schist to granite gneiss. The gabbros and diorites are found associated 
with the hornblende rocks, into which they sometimes grade, occupying 
broader and less elongated areas. 

Associated with these homblendic rocks, diorites, and gabbros are 
small deposits of slip-fiber asbestos, which give little or no promise of 
commercial value, and the distribution of these deposits is practically 
coextensive with the distribution of those rocks. 

The peridotites and pyroxenites, on the other hand, are more limited 
in their Retribution and it is with them that the most important asbestos 
deposits of the State are associated. Their distribution is, in general, 
limited to the belt in which the most important asbestos deposits of the 
State occur. 


Types of Asbestos Found 

Asbestos has been found in Georgia representing three of the four 
modes of occurrence described by Diller as occurring in the United 
States, namely: Chrysotile in cross-fiber veins associated with serpentine, 
which is derived largely from peridotite; mass-fiber anthophyllite in dikes 
or irregular masses; and slip-fiber veins in different types of basic rocks, 
varying from courtlandite to peridotite or pyroxenite. 

Asbestos of the first type, as chrysotile in serpentine rocks of igneous 
origin, is found in Georgia in a limited number of places and in even 
more limited quantities. At none of the places examined were the 
veins more than i to -A" in. in thickness; the veins were very limited in 
distribution, and constituted a very small portion of the rock mass. It 
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can be quite definitely stated that this type of material does not occur 
in commercial quantities in this State. 

Amphibole asbestos is of much more general distribution and is pres- 
ent in much larger quantities. Slip fiber occurs at numerous localities 
over the crystalline area of the State, where it is found along shearing 
planes in the basic rocks described above. Its commercial possibilities, 
while somewhat more promising than the deposits of the chr 3 'sotile type, 
are as a rule unworthy of consideration because of the large amount of 
waste material which has to be removed, since the veins are usually not 
more than a few inches in thickness and seldom reach as much as 8 to 10 
in., although they are exceptionally 16 to 18 in., in width. 

jThus the only type left for consideration is the mass-fiber antho- 
phyllite deposits. These deposits are unique in that more than 90 per 
cent., usually as much as 95 per cent., of the rock quarried is realized as 
fiber, while in the case of the chrysotile deposits of Canada the average 
extraction of fiber for 1912 was only 6.45 per cent, of the rock quarried. 
Although the extraction of the Canadian chrysotile is only about one- 
fourteenth that of the Georgia mass-fiber asbestos, the price is less than 
three times as great. This gives a decided advantage to the Georgia 
product, especially since the mining can be done more economically and 
the milling is much more simple. 

Canadian Asbestos® Georgia Asbestos 

Extraction, 6.45 per cent. ' 90 to 95 per cent. 

Average price, 1912, $27.79 per ton $10 to $12 per ton.® 

Extraction, one-fourteenth that of the Georgia anthophyllite. 

Price, two and four-fifths times that of Georgia anthophyllite. 

- The circumstances which keep the Georgia deposits from being de- 
veloped are the limited demand for the material, the distance from the 
railroad, and the limited size of the deposits, features which will be dealt 
with later. 

Description of Localities 

A detailed description of the more important asbestos deposits or 
even an enumeration of them would serve no useful purpose in this con- 
nection; however, a brief account of the best-known deposits, as typical 
of the class, may serve as a general picture of them all. Figs. 1 and 2 
are views on the property of the Sail Mountain Asbestos Mfg. Co. and 
Pig. 3 shows a deposit at the mine of the Asbestos Mining & Mfg. Co., 
Hollywood, Ga. 

'^Summary Report of the Mines Branch of the DepartmerU of Mines of Canada^ Year 
ending Dec. 31, 1912, p. 156. 

® The figures here given represent the general range in value for several years and not 
the value for 1912, as that information is confidential, there being only one produce. 
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Sail Mountain Mine 

The Sail Mountain mine is the oldest producing asbestos mine in 
the United States. It began operation about 1894, and until the last 
few years it was the largest producer in the United States. The mill has 
a capacity of 10 tons per day. It is the only mine, except the one at 
Kamiah, Idaho, which was worked a few years ago, where mass-fiber 
anthophyllite has been mined. 

The rock is a fibrous amphibolite in -which the bundles of fibers 
range from IJ in. down to a small fraction of an inch in length. But, 
owing to the lack of flexibility, the fibers break into short lengths on being 


B’ig. L — Weatheeed Asbestos Rock Dug from Small Pits on Sall Mountain 
Company Property Near Cleveland, Ga. 

fiberissed, so that the longest fiber is about J in., and ranges down t<? 

in. and less. More than 95 per cent, of the rock mass is converted 
into fiber. Pyrite, magnetite, talc, and carbonate of lime and magnesia 
constitute the impurities. The asbestos is grayish white when fresh, but 
a large part of that produced has been stained yellow by surface water. 

The country rook is a gneiss cut by more recent granite. The as- 
bestos occurs in lens-shaped masses, of which six of varying size have 
been worked in an area of not more than 20 acres. The largest body 
was about 75 ft. long by 50 ft wide as a maximum, and has been worked 
in an open out to a depth of more than SO ft. This company has largely 
worked out its deposits on Sail mountain, but owns others near Asbestos 
station on the Gain^viile & Northwestern Railroad, where the material 
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Fig. 3. — Asbestos Eock on the PEOFERTy op the, . Asbestos Mining & Mpg, 

Co., Hollywood, Ga. 
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is identical in association and character, except in the amount of dis- 
integration which surface waters have produced. 

Mass-fiber anthophyllite occurs at a number of other localities 
in White, Habersham, and Rabun counties, usually associated with 
partly altered rock, slip fiber, and talcose material. There are a number 
of places which give promise of yielding as much or more asbestos rock 
than the Sail Mountain property. The occurrence at all these places is 
very similar and the origin appears to be the same, but the quantity of 
asbestos at an individual place is difficult of determination because of the 
irregular shape of the bodies and the variation in the amount of alteration 
in the individual mass. 

Origin of Mass-Fiber Deposits 

From the field relationships and the microscopic study of much of 
the material from Georgia the conclusion has been reached that mass 
fiber develops from olivine-enstatite rocks. 

In regard to field relationship, it has already been stated that the 
important asbestos deposits, those of mass fiber, are limited to the 
belt of peridotites and pyroxenites. Wherever there is any rock asso- 
ciated with the asbestos which shows an original mineral or minerals 
it is universally found to contain olivine or enstatite, or both. 

A microscopic study of the rocks in thin section has developed the 
facts that olivine and enstatite give rise to anthophyllite, and that all 
gradations from olivine-enstatite rock to anthophyllite are present. The 
alterations noted are briefly as follows: The development of slender 
needles of anthophyllite running in all directions in the olivine-enstatite 
rock and penetrating the crystals regardless of cleavage cracks and crystal 
boundaries; the increase in number and size of anthophyllite needles at 
the expense of the original minerals until only skeletons remain; and finally 
the anthophyllite rock is formed. But this alteration may have been 
stopped at any stage in its progress by changed physical conditions; by 
processes of hydration and oxidation, the anthophyllite, as well as the 
remaining olivine, may be partly converted into serpentine and the 
latter partly to talc; the result may be a rock containing olivine, antho- 
phyllite, serpentine, talc, magnetite, and carbonate of calcium and 
magnesium. 


Quarrying 

The mining of asbestos in Georgia has been entirely from open cuts 
or quarries. Rough, brownish boulders usually outcrop at the surface. 
By a study of the distribution of surface fragments and by digging 
a few shallow pits the size of a deposit near the surface may be fairly 
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well outlined, although the irregular shape of the bodies precludes even 
a rough estimate of the amount of material present. 

When work is started, the deposit is followed in all directions; but 
the removal of the rock is commonly begun along the contact rrith the 
country rock, as there the rock is usually soft and a face can be easily 
made to blast from. The removal of soil at all the localities where de- 
velopment has been undertaken is usually a small item. The rock is 
frequently soft enough to dig with a pick, although irregular masses of 
hard rock have to be drilled and blasted. The work is done largely by 
hand; the rock is loaded in small hand cars or wheelbarrows and hauled 
to the drying sheds. 

Milling 

The crude asbestos is dried either in open sheds or over steam pipes; 
when sufficiently dry it is passed through a jaw crusher, and then through 
a rotary crusher, where the rock is reduced to 1-in. mesh and less. From 
the crusher, the rock is passed to a bin, from which it feeds into a Ray- 
mond pulverizer. As the rock is fiberized it is carried upward by a suc- 
tion fan and separated by air currents, the coarse material returning to 
the pulverizer, the fines collecting in a bin which feeds into a packer, and 
the dust settling in a dust room. 

Uses of Asbestos 

One of the principal uses to which the anthophyllite asbestos has been 
put is in the preparation of asbestos cement for boiler coverings and 
furnace linings. Twelve (?) car loads of the Georgia product were used 
at Ducktown in lining the flues. This type of asbestos may be used in 
the manufacture of the following articles; Furnace linings, fire bricks, 
steam-pipe coverings, asbestos shingles, wall pjaster, asbestos tiling for 
floors, etc. Numerous experiments have been made with the amphibole 
asbestos, but, owing to the fact that the largest manufacturers of as- 
bestos in this country are interested in the Canadian mines, it is difficult 
to get this material on the market in the United States. The greater 
part of the mineral now being mined in Georgia is sold in Germany. Dur- 
ing the past year the manufacture of asbestos cement from Georgia 
asbestos was begun here and a considerable quantity has been sold for 
local use. Considering the uses to which it can be put and the cheap- 
ness of its extraction and milling, it seems that there should be a future for 
the material, notwithstanding the enormous output of low-^rade asbestos 
from the chrysotile areas. 

Summary 

Asbestos representing three modes of occurrence is found in Georgia. 
Chrysotile, occurring in serpentine which is derived from peridotite, 
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is present in insignificant quantities in a few localities, where it gives 
no promise of commercial value. Asbestos of the amphibole variety in 
slip-fiber veins occurs at widely distributed points over the Piedmont 
area of the State; while mass-fiber asbestos, which represents the most 
important deposits from a commercial point of view, is restricted in 
general to the belt of peridotite and pyroxenites which crosses the State 
in a southwest direction from Rabun county to Harris county, but is 
relatively more important in Rabun and Habersham counties than in any 
others. Judging from the field relations and the microscopic study 
of the material it has been concluded that the mass-fiber anthophyllite 
is derived from enstatite-olivine rocks. 

Mass-fiber asbestos, owing to the nature of its occurrence, is capable 
of being mined very economically, but owing to the slight demand little 
is being put on the market at the present time. With a good demand 
for the material, at from $8 to $12 per ton a number of deposits in this 
State could be worked with profit and a large amount of the material 
could be put on the market. 
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Quarrying Shale by the Tunnel System 

BY DWIGHT T. FAENHAM, SEATTLE, WASH. 
(Pittsburgh Meeting, October, 19X4) 


Description of Quarry 

The shale used at the Renton plant of the Denny-Renton Clay & 
Coal Co. for the manufacture of vitrified paving brick occurs in a hill 
rising from 200 to 300 ft. above the level of the valley in which the plant 
is situated. The shale deposit, which is of unknown thickncas, pitches 
about 10° to the southeast. The 150-ft. face worked extends appro.xi- 
mately east and west, so that the dip, as shown by the photograph, is to 
the left and into the hill. The shale is overlain with about 50 ft. of gravel, 
70 ft. of clay, and 30 ft. of mixed loam and gravel, making altogether from 
125 to 150 ft. of overburden. 

Disposal of Overburden 

The overburden is removed by sluicing. For this purpose a No. 2 
Joshua Hendy giant is used, throwing a l|-in. stream, and having 
60 lb. pressure at the nozzle. The water is drawn through an 8-in. pipe 
from' Cedar river, about 1,000 ft. distant, by means of a Worthington 
four-stage centrifugal pump, direct connected with a 100-h.p, inotor 
placed just south of the factory, and 1,500 ft. from the nozzle This 
plant handles the material satisfactorily to a height of about 75 ft. above 
the level of the top of the shale. When the higher levels are worked, an 
auxiliary plant consisting of a four-stage Byron Jackson centrifugal 
pump with a 100-h.p., belt-connected motor, is thrown into the system. 
This plant is situated on top of the shale and can be discerned at the ex- 
treme right of the trestle work in Fig. !• 

The overburden is worked in either two or three benches, depending 
upon the height of the hill at that particular point. Fifty feet is about 
the extreme height which can be worked at one time with any degree of 
efficiency with the plant. 

The usual method of working is as follows: A cut is made about 50 ft. 
in height and 100 ft. in depth, extending completely across the face, which 
is about 800 ft. long at present. The material is shot down, men being 
lowered over the brink by ropes, when necessary, to do the drilling. The 
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clay, loam and gravel fall in large lumps, som'e of which need further 
reduction, depending upon the nature of the material. 

The stream from the giant reduces these to a slurry containing lumps 
up to perhaps 4 in. in diameter. Once a cut is finished, the bank is sloped 
to an angle of about 45°, and the next cut below started and completed in 
the same manner until the shale is imeovered. Fig. 2 shows the stream 
playing on the 50-ft. gravel stratum which overlies the shale. 

Sluicing operations are carried on continuously. The men work in 
three shifts, arc lights and 5,000-c.p. acetyline headlights being used at 
night. In this way 19,000 to 20,000 yd. of overburden are moved each 
month. 

The material is removed from the face by means of ground sluices 
which connect with the boxes supported on the trestles shown in Fig. 1. 
These boxes are 10 by 12 in. inside, and the bottoms are lined with vitrified 
brick, which outlast any other material. When running gravel, which 
gives the hardest wear, iron boxes last 90 days, wood blocks six weeks, 
while the brick remain in service from 10 months to a year. 

Gravel which is suitable only for ballast is run directly into railroad 
cars by means of a sluice box as shown in Fig. 1. To the left of this can 
be seen the gravel trestle which leads such gravel as is suitable for con- 
crete work to a washing and screening plant. Enough gravel is sold 
to reduce the cost of removing the overburden 12 per cent. The trestle 
to the left carries the boxes which remove the clay and loam and other 
unsalable material. The larger lumps, at the time the photograph was 
taken, were settled behind the large dike just across the railroad tracks, 
while the finer material in the form of slurry was rim underneath the tracks 
and settled in a series of basins. 

Great care is taken to prevent any of this material from flowing into 
Cedar river, which is being made a navigable stream. 

Large rocks which cannot be sluiced, are shot and allowed to remain 
on top of the shale until the shale is used, when they are taken out over 
the floor of the quarry. 

Former Qmrrying Methods 

The quarry floor is perhaps 10 ft. above the level of the factory. The 
shale, which is used in the manufacture of vitrified paving brick at the 
rate of 700 tons per day at present, presents a face 700 ft. long and 150 
ft. high. Various methods of working have been tried, but none proved so 
successful as the present one. A steam shovel is, of course, out of the 
question with so great a lift. Only about 30 ft. of this material could be 
worked efficiently by shovel, and the vision of five steam shovels working 
one above the other is too appalling to contemplate when only about 700 
tons of shale a day is to be moved. 
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We did try, however, a i-yd. orange-peel bucket and a locomotive 
crane. With this outfit an attempt was made to pick up the shale, once 
it had been shot down, and to drop it into cars which were dumped over 
a grizzly having bars spaced 6 in. apart, which allowed the fine material 
to fall directly into the conveyor, while the coarse material was led to a 
crusher. This proved unsatisfactory on account of the large blocks of 
shale, all of which had to be shot and re-shot. Furthermore, the bank is 
made up of alternate layers of sandy and pure shale, which require it to be 



Fig. 1. — Shale qoabry and 

evenly mixed in order to produce the highest grade of brick. This outfit 
did not allow proper mixing, and on account of the lumps, had a capacity 
of less than 300 tons per day. 

After this experiment, we reluctantly went back to our old system of 
shooting the face as widely as necessary, and then gathering the material 
with shovels and by hand into cars. 

Tunnel Method Now Used 

The present method of quarr3dng and handling the shale is as follows: 
The whole face is worked in benches of about 30 ft. Two-inch holes 
are bored by hand, with a Spry boring machine, about 15 ft. into the 



QTJAREYIKG SHALE BY THE TUNNEL SYSTEM 977 

shale, and are loaded with 40 per cent. “ Giant ” powder and shot seven to 
ten at a time with a battery. The shale falls on the tunnels shown in Fig. 
1 just above the factory roof. 

These tunnels — at present about 20 in number — approximate the 
timbering in a mine crosscut. On 8 by 14 in. mud sills are erected 12 by 
14 in. legs, 6 ft. 10 in. apart at the collars and 8 ft. 10 in. apart on mud 
sills— which are connected by 14 by 16 in. collars, 7 ft. above the mud sills, 
the whole comprising a set. These sets are spaced 5 ft. apart, and are 



Paving Brick Plant at Renton. 


connected by 3 by 12 in. planks on the sides, which act as lagging, and by 
6 by 12 in. bars set 8 in. apart on top of the collars which form the grizzly 
shown in Fig. 3. Between each set, and underneath this grizzly are 
constructed two hoppers which together hold a car of shale. These hop- 
pers are closed at the bottom with "needles” similar to those in the 
bottom of the old-fashioned dump wagons which may be moved easily 
when the cars are to be filled. 

In constructing a tunnel, five sets are set in the solid, and perhaps 
seven or eight are set up outside. As the shale face of the quarry advances 
the tunnel is driven to keep five sets ahead of it, the timbers being 

removed from the outside, and used for driving ahead. 



978 


QXTAEBYING SHALE BT THE TTTNNEL SYSTEM 



In preparing to shoot on a tunnel, 4 by 12 in. planks are placed cross- 
wise on the grizzly, and these are covered with lumps of shale to a depth of 
2 or 3 ft. From 2,000 to 3,000 tons of shale are then shot down on a group 
of three tunnels, which converts each tunnel, as it w^ere, into a bunker 
containing from 750 to 1,000 tons of shale. The planks are then removed, 
a few at a time, from the outermost end of the tunnel and the shale fed 
through the grizzlies into the hoppers. All lumps are bull-dozed, from 
one-half to three sticks of dynamite being used, or they arc broken up 
with wedges and hammers; 100-ton lumps are a common occurrence, and 
the fact that these often fall 125 ft. speaks well for the strengtii of the 
construction. The shale between the tunnels, which are placed on 20-ft. 


Fig. 2. — Removing Ovebburdbn by Hydbaclickino. 

centers, is left in place until it is time to remove the outer timbers, when 
it is loaded into cars by hand. This protects the sides of the tunnels and 
prevents the timbers from buckling— and together with the 2-ft. cushion 
of shale placed on top of the tunnels before shooting, closely approximates 
the conditions prevailing in a crosscut in a mine where the "arch” 
is formed and comparatively weak timbers withstand the weight of mil- 
lions of tons. 

Loading and Conveying 

The shale having been shot down covers the tunnels from the quarry 
face nearly to the outer end of the tunnel. The method of working it 
down to the grizzly is shown clearly in Fig. 3. The lumps are started 
with a bar and roll down, some falling through and others having to be 
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broken by hand. When the hoppers are full, the cars, which are simple 
boxes 7 by 2| ft. on the bottom, and flaring to 7 by 3| ft. on the top, 
which is 5 ft. above the top of the rail, are filled and run down to the 
dumping plant on a 3-ft. gauge track. The main lines of the track 
system are built of 40'lb. rails and all tracks are so graded that the 
power required to move a full car to the dumping plant is approximately 
the same as to move an empty back into the tunnel. The trackage and 
general layout of the tunnels is shown in Pig. 4. 

Prom each direction the main tracks lead into the dumping plant, 



Fig. 3. — Wobking Shale Down to Geizzly ovee Tunnel. 

which is equipped with two Link-Belt rotary dumps. These are so ar- 
ranged that when a trigger is released the whole car rolls over sideways 
and dumps its contents into a hopper. As soon as the car is empty the 
center of gravity is thus shifted and the car rolls back into place, too great 
celerity of action being prevented by a band brake operated by a lever 
and rope. ' , 

The dumping plant is equipped with two hoppers, one for coarse shale 
equipped with a grizzly and crusher, and the other for fi.ne material. 


980 QUAEKTING SHALE BT THE TUJSTNEL SYSTEM 

These hoppers empty the material on a 30-in., 6-ply rubber belt about 
50 ft. between pulley centers, which in turn dumps the shale on a similar 
belt which rises at an angle of 22°, and running at about 300 ft. per miirute, 
delivers the shale to the third floor of the factory. 

On reaching the factory, the shale is dumped into a Jeffreys chain 
conveyor, the flights of which, 24 by 10 in., scrape it along the bottom of 
a steel-lined box to the openings into the bunkers. There are six of these 
bunkers, each one of which holds shale suffleient for about 40,000 brick. 



Fig. 4. — Gbnbeal Layout of Teacks and Tunnels. 

Each bunker feeds a dry pan, or grinding mill, the duty of which is to 
grind shale sufficient for 30,000 brick in 9 hr. 

Each one of the six openings is equipped with a slide, usually left 
about one-sixth open, which causes all the shale carried along by the 
chain conveyor to be equally distributed among the six bunkers so that 
a very even mixture is obtained for each mill. When the bunkere are 
full, or when it is found desirable to fill the storage, the shale still escapes 
through one or more of the six openings, but is thrown by means of a 
hinged door into rope and disk conveyors, 150 ft. long, which run at right 
angles to the chain conveyor, and carry the shale into the storage shed, 
the capacity of which is 12,000 tons. This shale is stored in the summer 
and is mixed with the wet shale in winter in order to ma ke a mixture dry- 
enough to work m the mills efficiently. The stored shale is conveyed to 
the dry pans by means of underground belt conveyors, whose pifas axe 
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covered with plank which may be taken up as the shale is fed to the 
conveyors. 

Efficiency of Tunnel System 

Under the hand-loading system, 2-ton capacity, side-dump cars were 
used, which a crew of three men operated, loading the shale and pushing 
the cars on an average 100 ft. to the dumping plant, and dumping their 
own cars. These men worked on contract and averaged 10 cars per man 
per 10 hr. The output was therefore 2 tons per man per hour. 

When the present system was installed the pit was enlarged so that 
by the time the system was in working order the average haul was 200 ft. 
The men still worked in crews of three, but each man averaged 1,9, 2.3- 
ton oars per hour in summer (1.7 in winter), or 4.37 tons per hour per 
man — ^more than twice the former output. When the haul reached an 
average of 300 ft. a mule and driver took over the hauling which increased 
the tonnage per man per hour to 4.6 tons — enough to pay the cost of the 
mule and the man. Five men, with the new dumping, conve3dng and 
distributing plants handle 700 tons per day as against four men before 
who handled about 300 tons, so that this cost is just about cut in half 
by the installation of a modern plant. 

The advantages of the new system over the former system may be 
summed up briefly as, follows: 

1. The cost of loading, tramming, crushing, conveying and distri- 
buting the shale is reduced more than half. 

2. A more evenly mixed material is obtained by the system of dis- 
tribution described and because the shale can be shot down in larger 
quantities, allowing more choice. 

3. The drainage furnished by the tunnels allows the quarry to be 
worked at times — during the rainy season — ^when it was formerly im- 
possible, and furnishes a drier and hence more easily ground material. 
This makes it unnecessary to draw from storage so frequently and so re- 
duces this expense. 

Altogether, the system works most successfully. The details have 
required considerable study and minor changes have been made from 
time to time, but we believe that, on the whole, this method of quarrying 
and hand ling the shale meets the difficulties encountered in working so 
large and so unusual an undertaking in a manner which is satisfactory. 

Discttssion 

David T. Day, Washington, D. C. — Do you know anything about 
the character of that clay as to organic matter? 

H. Ribs, Ithaca, N. Y. — No; it is a dark brownish clay, sandy in its 
nature. The brownish coloring is probably due to organic matter. 
Some lignite is also present. 
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Donald W. Ross. — I have worked at the plant under consideration. 
I have not seen Mr. Farnham’s paper; but in answering the question as 
to the organic matter, I might say there is practically no organic material 
scattered through the shale. There are, however, several layers of 
carbonaceous shale and rather low-grade coal interbedded with the 
formation. 

' There are two very serious drawbacks — one which threatens to shut 
down the plant and another which merely means the expenditure of 
money. The first is taking care of the sediment from the washing away 
of the overburden. The government is doing extensive work at different 
points about Lake Washington with a view to creating a fresh- water 
harbor for Seattle. I understand that they keep at the Denny-Renton 
people to keep the channel of Cedar river clear. The Denny-Renton 
Co. can hardly help filling up the channel so long as they continue their 
hydraulic work, so this is probably one of their most serious problems. 
The other is this: There is a large percentage of what I should call mica- 
ceous shale or sandstone — a sandstone which contains a large amount of 
light-colored mica. Of course only a limited amount of this can be used 
in the manufacture of paving brick. As they shoot down the bank after 
the overburden of gravel and loam is washed away, these large boulders 
of micaceous sandstone come down. The strata have apparently been 
crushed where the clay pit is located so that the exact formation cannot 
be readily determined. These pieces of sandstone, 5 or 6 ft. in diameter, 
have to be blasted and removed from the shale. They bother both in the 
open pit and in the tunnel m ining. In the tunnel mining of the shale 
blocks frequently cover the holes in the roof of the tunnel through which 
the shale is loaded into cars. 

David T. Day. — ^About how many tons of that bituminous shale do 
they get in a day? 

^ Donald W. Ross. — I believe, owing to a disagreement with the 
miners, that they have dug none of this coal during the last three years. 
The coal is of rather low grade, compared with other coals of the region, 
and is taken from a vein some 3 or 4 ft. thick, which dips approximately 
15® to 30° to the southeast. The other coal vein is controlled by the 
Seattle Electric Co., and is approximately parallel to this vein and about 
600 ft. below it. Dr. Fettke tells me that it approximates 15 per cent, 
ash. I have seen similar coals from other mines that contained as high 
as 60 per cent. ash. 

* 

H. Ries. — That coal you speak of Ife not in the main bank? 

Donald W. Ross. — The entrance to this Denny-Renton coal mine is 
situated about 300 ft. north of the shale pit toward the town of Renton# 
I am inclined to believe that the coal vein, due to its dip, passes beneath 
the floor level of the pit. 
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BY H. A. QAEDNBH, AND G. B. HECKEL, WASHINGTON, D C. 

(Pittsburgh Meeting, October, 1914) 

The principal use of barium sulphate is as an inert paint pigment. 
For this purpose, the ground material is used both in its natural and in its 
artificial forms. Probably the largest amount is used in the production 
of a chemically precipitated pigment called lithopone which consists 
of 70 parts of barium sulphate and 30 parts of zinc sulphide. An enormous 
tonnage of this pigment is at the present time being used in the manu- 
facture of interior flat wall paints of the oil type, such paints having al- 
most entirely supplanted the use of corroded white lead, which was at one 
time used for interior painting. The more dense nature, lower price and 
sanitary value of lithopone were responsible for this change. Lithopone 
is, moreover, used to a large extent in the manufacture of oil cloth, shade 
cloth, and linoleum. Its whiteness makes it of particular value for this 
purpose. Barium sulphate is also used of itself in admixture with other 
pigments in the manufacture of prepared paints. The chemically pre- 
cipitated form of barium sulphate, which is generally called hlanc fixe, is ’ 
also used for this purpose. 

Much controversy has raged in the paint world over the question of 
inert pigments such as barytes, silica, asbestine, and china clay. These 
pigments are probably called inert because they have no chemical action 
upon the linseed oil in which they are ground to produce paints, and on 
account of the fact that they become transparent in oil. It is well known 
that in the manufacture of paints, opaque white pigments, such as basic 
carbonate white lead, basic sulphate white lead, zinc oxide, etc,, are 
generally used as the grinding base. These base pigments, when ground 
in oil, react therewith to some slight extent, and they produce white paints 
which have excellent hiding or obscuring value. The inert pigments so- 
called, when ground in oil and spread out into a thin film, form trans- 
parent coatings which have no hiding power. It has been contended, 
therefore, that the use of barytes or similar inert pigments in paints is 
resorted to simply for the purpose of cheapening the cost of the product. 
It is, of course, true that the natural tendency of manufacturers in the 
past has been to use inert pigments liberally, on account of their low cost, 
and the consumer has in consequence frowned upon this practice and has 
been prone in some instances to condemn the use of paints which contain 
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even small amounts of inert pigments. That such inert pigments do 
have a proper and legitimate place in the manufacture of prepared paints, 
has been shown by practical tests. The degree to which they may be 
used, however, is a question which some believe not to have been fuilj' 
determined. Several years ago, at the laboratories of the Pennsylvania 
Railroad Co., in Altoona, Pa., Dr. Charles B. Dudley conducted a long 
series of carefully made paint tests on a practical scale. Prom the results 
of these tests. Dr. Dudley formulated a series of fundamental principles 
governing the quantity and use of inert pigments in prepared paints. 
Briefly paraphrased, these principles may be stated as follows: 

In a white paint, the desired color having been provided for by the use of opaque 
pigments, there may then be added to the paint as much inert pigment as can be used 
without destroying the practical opacity of the paint. In a white paint made of lead 
and zinc pigments, the amount of inert pigment to be added may probably run as 
high as 20 per cent., but a more dense paint will be obtained by the use of not over 
10 to 15 per cent. In a colored paint, such as an iron oxide red, there may be used 
as high as SO per cent, of inert pigments, without detracting from the color of the paint. 
In a colored paint such as a chrome green, there might be used as high as 80 per cent, 
of an inert pigment. 

The use of barytes in the manufacture of chrome green conspicuouslj' 
illustrates the function of an inert pigment. Chemically pure green is 
prepared by simultaneous precipitation of lead chromate and Prussian 
blue. This pigment is used as a tinting color, and when it is used alone 
it is apt to produce a dense, dingy green. In order to make a more 
satisfactory green, the color is precipitated upon a base of barium sulphate 
in the proportion of 20 parts of color to 80 parts of barium sulphate. 
Such a color is brilliant and clear, producing bright shades when added to 
a white base. This statement also holds true with other colors, especially 
the adjective dyes precipitated on a barium sulphate base. The para- 
nitraniline reds and other permanent vermilions may be cited as examples 
of brilliant colors which are now precipitated in the course of manufacture 
upon a base of barium sulphate or similar inert pigment. The legitimate 
office, therefore, of barytes as an inert pigment in the manufacture of 
colors is to diffuse the color by its presence and brighten and make more 
clear the tints which are prepared from it as a base. 

It is a fact, which at first glance appears paradoxical, that the in- 
corporation of small amounts of these transparent, colorless, inert pig- 
ments in a paint containing very finely divided opaque pigments, such 
as zinc oxide, lampblack, etc., increases the opacity of the paint coat- 
ings made from them. The reasons, however, are obvious. In the first 
place, the proportion of liquid in the vehicle of the film is reduced, on 
account of the fact that barytes grinds to a workable base with a very 
small amount of linseed oil, whereas many other pigments used in the 
manufacture of paints require a more substantial quantity of oU. It is 
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the amount of oil in a paint which materially affects its hiding power. 
Moreover, the thickness of a paint coating is to a great extent increased 
when it contains an inert pigment such as bartyes, and the thicker the 
coat the more dense will be the paint. 

The chemical effect of inert pigment is also a matter of great im- 
portance to the painter. This effect varies with the structure of the pig- 
ment. In the case of pigments such as bartyes, silica, etc., the effect is 
to impart “tooth” under the brush. “Tooth” is an expression used to 
describe the brushing action of a paint, which indicates that the paint 
is being taken up by the wood or other surface to which it is applied. 
Paints made solely from finely divided pigments such as zinc oxide or 
lampblack would be deficient in tooth. 

From the foregoing, it is apparent that there should be no technical 
objection to the use of bartyes in paints. The only question is an eco- 
nomic one, and involves two considerations: The first is that barytes 
and other inert pigments shall not be sold except under their true names 
and shall not be used as adulterants, using that term in the sense given 
it by the American Society for Testing Materials, as follows: “Adulter- 
ant — A substance partially substituted for another.” The other con- 
sideration is that the amount of bartyes shall be such that it will not 
impair the opacity of the paint under the conditions of application, 
which implies that three coats shall effectively hide the underlying surface 
to which it is applied. 

Data on Barytes 

Occurrence: As rock barite and as the gangue in zinc and lead ores. 

Principal sources: Missouri, Kentucky, Virginia, and Tennessee. 

Structure: Natural, crystalline; artificial, amorphous. 

Color: White, transparent. 

Usual method of production: “Gophering.” 

Principal use: As a pigment. 

Preparation of pigment: Breaking, comminution, washing vdth acid 
to remove iron, washing, grinding, water floating or sedimentation. 

Specific gravity of pigment: 4.45. 

Formula: BaSOt. 

Desirable qualities of barytes as a paint pigment: Softness, whiteness, 
fineness. 
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